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THE FAMILIAL OCCURRENCE OF PULMONARY 
ALVEOLAR MICROLITHIASIS* 


By MERRILL C. SOSMAN, M.D., Boston, 


HOUSTON, TEXAS, W 


MASSACHUSETTS, GERALD D. DODD, M.D., 
DUANE JONES, M.D., AsHLAND, KENTUCKY, and 


GEORGE U. PILLMORE, M.D., EAsToN, PENNSYLVANIA 


N 1942, while in charge of the radiologic 
section of the Boston Induction Board, 
one of us saw a most unusual roentgeno- 


gram. It was a chest roentgenogram of 


a forty-five year old man showing both 
lungs filled by a fine sand-like mottling, 
obviously of calcium density. It resembled 
a snowstorm, or perhaps more correctly a 
sandstorm, almost obscuring the heart out- 
lines and increasing in density from apex 
to base on each side. There was no similar- 
ity to miliary tuberculosis or, in fact, to any 
of the so-called miliary conditions pre- 
viously seen and nothing to suggest either 
healed fungus infection or silicosis (Fig. 1). 
Later, we learned that the patient was 
completely free of symptoms, gave no his- 
tory of occupational exposure, and showed 
completely normal responses to physical 
examination of his heart and lungs. We 
also learned that the patient had been 


roentgenographed by Dr. Sidney Morrison, 


of Boston, and subsequently at the Cushing 
Army General Hospital in Framingham, 
the Newton Hospital and the Faulkner 
Hospital in Jamaica Plain. He had been 
known to have this peculiar appearance in 
his chest roentgenograms for about five 
years preceding 1942. His roentgenograms 
were seen by most of the radiologists in and 
around Boston, but no one could make a 
definitive diagnosis or suggest a better 
name for the condition than the descriptive 
one of “pulmonary calcinosis” which Badg- 
er, ef al.' attributed to Dr. Sidney Morrison. 
After several years of a completely symp- 
tom-free period, this patient gradually be- 
came dyspneic on exertion and eventually 
died late in 1951 following a final vear of 
extreme pulmonary disability. Autopsy was 
obtained and the complete details are re- 
corded in the case report by Badger, et a/.! 
A summary of this case is included in this 
article (Case 1, Fig. 1-5). 


* From the Departments of Radiology, Peter Bent Brigham Hospital and Harvard Medical School, Boston, Massachusetts; the 


Department of Radiology, M. D. Anderson Hospital, Houston, 


Texas; the State Tuberculosis Hospital, District Four, Ashland, 


Kentucky; and the office of George U. Pillmore, Easton, Pennsylvania. 

Presented in part before the Eastern Conference of Radiologists, Boston, Massachusetts, March 4, 1955; the Philadelphia Roentgen 
Ray Society, March 10, 1955; and the Fighth International Congress of Radiology, Mexico City, July 24, 1956. 

Presented in detail before the Annual Meeting of the American Roentgen Ray Society in Los Angeles, California, September 25, 


1956. 
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Fic. 1. Case 1. Roentgenogram of the chest taken 
January 30, 1942. The microliths are fine and dis- 
crete. The lungs otherwise appear normal. Patient 
asymptomatic. 


The roentgenograms of a second similar 
case were brought to us by Dr. Perry Mac- 
gregor Knox, from the Moncton Tubercu- 
losis Hospital, Moncton, New Brunswick, in 
the summer of 1942. They revealed what 


Fic. 2. Case 1. Calculi in the left kidney and small 
calculi in the bladder and possibly in the prostate 
gland. 
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Kic. 3. Case 1. Chest roentgenogram taken Decem- 
ber 7, 1950. Marked increase in calcium deposits. 
Extensive bullous emphysema in left apex. Pa- 
tient now having severe pulmonary symptoms. 


was Immediately recognized as the same 
condition, 7.e., a fine diffuse pulmonary 
calcinosis, in a young male clerical worker of 
twenty-six, who had his first chest roent- 
genograms made in 1939 as part of an 
examination after induction into the Cana- 
dian Army. Although completely free of 
symptoms and perfectly normal to physical 
examination, he was rejected for military 
service because of the unusual chest find- 
ings in the roentgenograms. The details in 


Fic. 4. Case 1. Histologic appearance in right upper 
lobe. Numerous concentrically laminated micro- 
liths in fairly normal alveoli. 
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Fic. 5. Case 1. Dense fibrous tissue in lower lobe 
between alveoli, the walls of which are still fairly 
normal. All alveoli in this section contain calculi. 


his case are given below as Case 2 and illu- 
strated in Figures 6 and 7. 

Several vears later, in 1948, a graduate 
student in radiology, Dr.Gonzalo Esguerra- 
Gomez from Bogota, Colombia, brought to 
us some chest roentgenograms of a young 
woman alleged to be thirty-two years old, 
later found to be forty vears of age. These 
roentgenograms presented the identical ap- 
pearance of fine grains of sand uniformly 
distributed throughout both lungs, but 
again more marked in the bases of the 
lungs and more in the medial than in the 
lateral portions, as would be expected from 
pure volumetric considerations. Overex- 
posure was necessary to penetrate the dense 
calcific material. Bucky roentgenograms 
brought out the sharp contrast between the 
fine grains of calcium density in the bases of 
the lungs and the less dense liver, heart and 
abdominal shadows. The only history in her 
case was that “‘she lived by the edge of a 
dusty road.” The details in her case are 
given in Case 3 below and illustrated in 
Figures 8 and 9. 

We were able to tell Dr. Esguerra that 
we had seen the roentgenograms of two 
identical cases several years previously and 
had agreed to call the condition “pulmo- 
nary calcinosis,” although we could not find 
any record of a corresponding condition in 
a casual search of the literature. None of 
us at that time had any idea as to the 
etiology of the disease nor, in fact, as to 
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Kic. 6. Case 2. Roentgenogram of chest taken in 
1941. The microliths are fine and discrete but they 
tend to be arranged in streaks along the blood 
vessels. Patient asymptomatic. 


what the process in the lung was. We knew 
only that myriads of tiny spots or granules 
containing calcium were present. 

The next slow step along the trail of 
knowledge concerning this rare and esoteric 


Kic. 7. Case 2. Four years later. Definite increase in 
pulmonary involvement. Patient still free of 
symptoms. 
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Fic. 8. Case 3. Roentgenogram of chest taken in 
1948. Innumerable fine calcified deposits uni- 
formly distributed throughout both lungs, some 
streaking along pulmonary vessels, and sub- 
pleural deposits. Patient asymptomatic. 


disease turned out to be a misstep which led 
us away from the truth. This occurred dur- 
ing a visit from our good friend Dr. Peter 
Kerley of London in February, 1949. We 
showed him the roentgenograms of our first 
patient, calling it “pulmonary calcinosis,” 


Fic. 9. Case 3. Chest roentgenogram eight years 
later revealing marked progression of the disease 
but the patient is still free of symptoms. 
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but Kerley insisted that the condition was 
really hemosiderosis, as he had seen an 
identical case which, on needle biopsy, was 
stated to be “hemosiderosis” by the pathol- 
ogist. 

We knew of the occurrence of pulmonary 
hemosiderosis in patients with severe mitral 
stenosis, particularly after repeated bouts 
of pulmonary congestion, and also of the 
rare case of idiopathic pulmonary hemo- 
siderosis observed in young infants with 
bleeding tendencies, but neither condition 
resembled remotely the appearances seen in 
our patients with “pulmonary calcinosis.” 
Kerley’s case, however, was used to illus- 
trate “hemosiderosis” in the textbook by 
Shanks and Kerley (Vol. 1, p. 180, Fig. 
179)." Interestingly enough, his patient 
eventually died in 1949, was autopsied and 
reported in detail by Sharp and Danino' 
and mentioned by J. Gough* from whom we 
received the thin gross section of the lung 
illustrated in Figures 14 and 1s. But this 
came later in the series of contacts with this 
disease after we had learned what the basic 
histologic structure was like. 


Fic. 10. Case 4. Chest roentgenogram taken Sep- 
tember 8, 1954 revealing extensive involvement of 
both lungs in a man who had worked two years in 
and about a coal mine. 
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In the meantime, the patient of Badger, 
et al.,! Thomas B., was found dead at home 
on November 12, 1951, but we did not learn 
of the death nor of the autopsy until 1954. 
That summer another physician, Dr. John 
J. Pepper, visited Boston, bringing with 
him from Dr. W. Duane Jones, Director of 
the State Tuberculosis Hospital, District 4, 
in Ashland, Kentucky, the roentgenograms 
of three individuals all showing a most un- 
usual condition. They asked if we could 
identify the disease or give them any leads 
concerning it. It took but a glance to realize 
that here was the same condition in diftfer- 
ent stages of development in a man and two 
women who turned out to be siblings! The 
man, thirty-seven years of age, had the 
more advanced degree of involvement and 
was having some symptoms of cough and 
shortness of breath on exertion. His two 
sisters, however, aged thirty-two and 
twenty-three denied any and all symptoms. 
The details of their records are included be- 


Fic. 11. Case 4. Pre-employment roentgenogram 
taken 10 years earlier (June 28, 1944) revealing a 
very similar type and degree of involvement. 
Patient was asymptomatic during most of the 
interval, 


Kic. 12. Case 5. Routine chest roentgenogram of 
thirty-two year old sister of Case 4. Extensive 
involvement but no symptoms. 


low as Cases 4, 5 and 6 (Fig. 10, 11, 12 and 
3). 

Here, for the first time in our experience, 
was a new clue to this disease—the fact 
that it could occur in three members of one 
family. This, of course, could mean that 
contact or contagion might play a part in 
its appearance or that environment, diet or 
even heredity could be important factors. 

This sudden accession of cases stirred our 


Kic. 13. Case 6. Routine chest roentgenogram of 
asymptomatic twenty-three year old sister of 
Cases 4 and 5. 
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Fic. 14. Roentgenogram of thin paper-mounted 
section (Gough*) of lung from Sharp and Danino’s 


microliths in the lower lobe as compared with the 
upper lobe, and the accentuation of deposits 
along the interlobar fissure. 


interest anew and led to a search of the 
literature, guided by the reference'® given 
us by Mallory who originally identified the 
condition in the case of Badger, ef a/.' as 
“microlithiasis alveolaris pulmonum.” Dur- 
ing the search of the literature we found 
that it was Kerley’s patient who was re- 
ported by Sharp and Danino!* and we ob- 
tained a paper-mounted section of her lung 
through the courtesy of J. Gough, from 
Cardiff, Wales (Fig. 14 and 15). 

Coincidence turned up again when an 
informal report of our findings in these 6 
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case.'!® Note the actual increase in the number of 
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Kic. 15. Magnified section of roentgenogram in Fig- 
ure 14 taken from area just below interlobar 
fissure. Note sharp outlines of individual calculi, 
variations in size and shape, and absence of coa- 
lescence. 


cases was given before the Eastern Conter- 
ence of Radiologists Meeting in Boston in 
March, 1955, and to the Philadelphia 
Roentgen Ray Society later that same 


Fic. 16. Case 7. Roentgenogram of chest taken April 
21, 1955 revealing ditfuse fine calcific stippling 
throughout both lungs, obscuring outlines of heart 
and diaphragm. The calcium deposits in the base 
of the lungs can be seen through the upper ab- 
dominal shadows. 
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Fic. 17. Case 7. Biopsy of lung, high power, reveal- 
ing concentrically laminated homogeneous calculi 
in most of the alveoli. Alveolar walls and septa 
were focally infiltrated, otherwise normal. 


month. After the meeting Dr. George U. 
Pillmore of Easton, Pennsylvania, told us 
that he remembered an identical roentgeno- 
gram which he had exhibited at the Phila- 
delphia Roentgen Ray Society Meeting 
several vears previously, no one being able 
or willing to make a diagnosis. Learning of 
our 3 cases in one family, he decided to 1n- 
vestigate the other members of his patient’s 
family, with the result that 3 other sisters 
were found to have the same condition. 


Fic. 18. Case 8. Photofluorogram of chest of thirty- 
nine year old sister of Case 7 taken before death, 
revealing fine sand-like mottling throughout both 
lungs, most marked in the bases. True condition 
recognized only by using the retrospectoscope. 


Kic. 19. Case 9. Chest roentgenogram of thirty year 
old sister of Cases 7 and 8 taken June 17, 1955. 
Kine diffuse calcific stippling is seen throughout 
both lungs. Patient asymptomatic. 


The original patient, in the meantime, was 
admitted to Jefferson Hospital, Phila- 
delphia, where she was thoroughly studied, 
a lung biopsy confirming the diagnosis. 
One of the 3 sisters had died at the age 
of thirty-nine, her photofluorogram reveal- 
ing the same condition before death (no 
autopsy) and the two other sisters aged 
thirty and forty-five were free of symp- 
toms. All four of these patients are reported 
below as Cases 7, 8, 9 and 10 (Fig. 16, 17, 
18, 1g and 20). 

Dr. Paul Bishop of the Pennsylvania 
Hospital, Philadelphia, who heard the 
preliminary report noted above, sent us the 
roentgenograms of the eleventh new pa- 
tient, a colored man of thirty-one whose 
history is included as Case 11 (Fig. 21 and 
22). This is the first known case in a Negro, 
and the only one in this series with a history 
of occupational exposure, which is thought, 
however, to be of no etiologic significance. 

The twelfth case was turned up in answer 
to a request for more information about the 
present condition of Case 2, and the pul- 
monary status of the other members of his 
family. Dr. Knox wrote that a brother of 
this patient was known to have the same 
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Fic. 20. Case 10. Routine chest roentgenogram of 
forty-five year old sister of Cases 7, 8 and g taken 
July 12, 1955, revealing extensive involvement of 
both lungs, most marked at the bases and obscur- 
ing outlines of heart and diaphragm. Completely 
asymptomatic at that date. 


stippled appearance in his lungs. This has 
been verified by roentgenograms made in 
1944 and also by recent roentgenograms in 
1956. The details of this case, which rep- 


Fic. 21. Case 11. Bucky roentgenograms taken 
October 19, 1955 of thirty-one year old colored 
male who had pulmonary symptoms but negative 
physical examination. Known duration 12 years. 
Confirmed by biopsy. 
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Fic. 22. Case 11. Biopsy of lung (high power). Lam- 
inated calculi in alveoli with considerable infiltra- 
tion and fibrosis of stroma. Islands of metaplastic 
bone formation were also found without constant 
relationship to the microliths. 


resents the third instance of familial 
occurrence in the present series, are given 
below under Case 12 (Fig. 23 and 24). 
Investigation of the other members of the 
family has so far revealed no further 
occurrence of pulmonary calcinosis. The 
father, mother, 5 brothers and 2 sisters have 
all had recent chest roentgenograms and all 
have been judged to be free of micro- 
lithiasis. 

The thirteenth case is that of a twenty- 
eight year old female who died in March, 


Fic. 23. Case 12. Brother of Case 2. Routine roent- 
genogram of chest taken October 27, 1944 of 
asymptomatic nineteen year old recruit. Physical 
examination completely negative. 


4 
4 
q 
: 
ge 


of 


ul 


77; No. 6 


1952. A paper-mounted section of her lung 
was sent to us by Dr. J. Gough. The histo- 
logic examination, the sandpaper feel of the 
surface of the section and the roentgeno- 
gram of the section are all characteristic of 
microlithiasis. The details are reported un- 
der Case 13 and illustrated in Figure 25. As 
far as we know, this patient has not been 
previously reported, and permission to 
include her in this series has been given by 
Dr. Gough. 

The fourteenth case was detected by Dr. 
Gonzalo Esguerra-Gomez in response to 
questions and requests about the condition 
of his first patient (Case 3) and the possible 
pulmonary involvement of other members 
of her family. This single lady of forty-six 
is the sister of Case 3, living in Santander, 
Colombia, and has no symptoms or signs 
of any pulmonary disease or disability. She 
submitted to roentgen examination of her 
chest only because of our requests through 
Dr. Esguerra. Much to everyone’s surprise 
the roentgenogram (Fig. 26) revealed ex- 
tensive calcification of both lungs. Details 
are given below under Case 14. 

The fifteenth patient chronologically to 
be discovered with this disease was found by 
Dr. David H. Waterman of Knoxville, 
Tennessee, who brought the roentgeno- 


Fic. 24. Case 12. Same patient as in Figure 23, 
eleven years later. Roentgenogram suggests 
worsening but,patient is still asymptomatic. 
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Kic. 25. Case 13. Roentgenogram of thin paper- 
mounted section of lung (Gough’s case 12,795-52) 
showing uniform distribution of microliths through 
upper lobe. Most of the calculi have fallen out of 
the lower lobe. 


grams of “an unusual pulmonary condi- 
tion’”’ to one of us during a medical meeting 
in Boston. The condition was immediately 
recognized by Dr. EK. B. D. Neuhauser as 
pulmonary microlithiasis. Dr. Waterman 
has given us permission to include the his- 
tory and detailed findings of his patient. 
These are given below under Case 15 and 
illustrated in Figures 27 and 28. 

The chest roentgenograms of the six- 
teenth patient were sent to us by a former 
resident in radiology, Dr. James Sieniewicz, 
of Montreal, Quebec, after he had heard us 
discussing the condition, which was new to 
him, and after he had seen some of our 
roentgenograms of similar patients. The im- 
mediate reason for discovery of the pulmo- 
nary condition in his patient was a routine 
chest roentgenogram taken as part of an 
examination for life insurance, but it was 
subsequently learned that the abnormal 
pulmonary shadows had previously been 
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Fic. 26. Case 14. Sister of Case 3. Anteroposterior 
roentgenogram of chest revealing diffuse fine cal- 
cific deposits throughout both lungs obscuring 
heart and diaphragm. Lesions are coarser than in 
the sister’s lungs. Emphysema ts present in the left 
apex. Patient is asymptomatic. 


noted in 1942 in the British Air Force. 
Details in this case are reported below as 
Case 16 (Fig. 29). 

The roentgenograms of the seventeenth 
patient were found, after considerable 
search, in the files of the Massachusetts 
General Hospital X-Ray Department. Dr. 
Richard Schatzki told us after hearing the 
preliminary report on this condition that 
he had seen films of a similar case in the 
teaching files at the Massachusetts General 
Hospital. We assumed that the ones he had 
seen were those of Case 1, but when we 
came to re-study his records, found that no 
roentgen examination of his chest had been 
made during that admission. Eventually, 
under Dr. L. L. Robbins’ direction, strict 
search was made and the films of a different 
patient with the same disease were found. 
These had been seen and interpreted by Dr. 
George W. Holmes in 1931 as “pulmonary 
calcinosis,” the first use of the term as far as 
we know at present. Details of this case are 
given below under Case 17 (Fig. 30). 


June, 1957 


Kic. 27. Case 15. Chest roentgenogram, taken May 
1, 1955 of fifty-two year old female, showing the 
most advanced calcification in our series. Patient 
is working regularly without discomfort. The 
known duration is 13 years. 


The eighteenth case was also turned up 
by one of us (G. U. P.) as a result of a 
thorough search of old records. There was 
a constant but vague recollection that 
another similar chest film had been seen 


Hig. 28. Case 15. Biopsy of lung. Concentrically 
laminated “‘calcospherites’”’ in go per cent of the 
alveoli, of variable size and possibly different ages. 
Only mild cellular infiltration and fibrosis. Alveolar 
walls mostly normal. 
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Fic. 29. Case 16. Roentgenogram dated October 149, 
1955 of thirty-five year old male revealing char- 
acteristic fine sandstorm mottling in both lungs. 
Patient completely asymptomatic. Known dura- 
tion 13 years. 


Fic. 30. Case 17. Roentgenogram taken April 13, 
1931 of thirty-nine year old Armenian male, re- 
vealing diffuse and severe involvement. Patient 
has had symptoms for 2 years. 


Microlithiasis 


Kic. 31. Case 18. Chest roentgenogram taken March 
28, 1932 of female school teacher about forty-five 

E yearsfof age, revealing extensive calcific deposits 
through both lungs. Patient’s symptoms sug- 
gested asthma. 


vears ago, analyzed and discussed and then 
filed away in some safe place for future 
reference. As so often happens, the place 
was forgotten but on a visit to his summer 
camp the author found a box of records in 
the attic of the garage, mostly lantern slides 
and 5X7 inch positives of interesting cases. 
Among them were the copies of the films- 
another classical case of microlithiasis, dis- 
covered but not identified in 1932. Details 
of this case, as far as available, are reported 
below in Case 18 (Fig. 31). 

The nineteenth case was originally seen 
by Dr. Howard Barkley of the M. D. Ander- 
son Hospital and a pulmonary biopsy was 
done at another hospital, but no definite di- 
agnosis was established. Subsequently, the 
patient came under the care of Dr. Kleberg 
Eckhardt of Corpus Christi, Texas, who 
eventually made the correct diagnosis after 
reading the article by Badger, et a/.1 The 
roentgenograms and microscopic slides of 
the biopsy material were sent to us by 
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Fic. 32. Case 19. Bucky roentgenogram of chest 
taken June 27, 1956 of twenty-six year old Mexi- 
can female, revealing coarse nodulation and cal- 
cific stippling throughout both lungs. Patient has 
dyspnea on exertion. 


Drs. Barkley, Daily and Eckhardt with 
permission to include the details in our 
report, although they plan to publish the 
case later in another journal. See Case Ig 
(Fig. 32 and 33) for details. 

Cases 20, 21, 22, 23, and 24 were turned 
up as a result of talks and exhibits on this 


+, 
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Fic. 33. Case 19. Biopsy of lung, X70, revealing oval 
concentrically Jaminated microliths in most of 
the alveoli. Considerable cellular infiltration and 
more fibrosis than in others at this age. 
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subject in Mexico City and in Los Angeles 
in 1956. 

The twentieth case came from Winnipeg, 
Manitoba, through Dr. Arthur E. Childe, 
who sent us the roentgenograms and a 
clinical summary with an abstract of the 
autopsy record in the case of a sixty-six 
year old white male. The details will be 
found below under Case 20 (Fig. 34). The 
roentgenograms in this case were seen by 
many physicians over a period of years, 
but no one could make the correct diagnosis, 
(This case may be reported independently 
by Drs. Penner and Cherniak.) 

The twenty-first case came from the Me- 
morial Hospital, West Chester, Pennsyl- 
vania, through Dr. J. Stauffer Lehman of 
Philadelphia, from Dr. Peter Galamaga. 
The diagnosis was uncertain at first, later 
established by pulmonary biopsy. The pa- 
tient was a fifty-two vear old woman. Fur- 
ther details are given below under Case 21 
(Fig. 35 and 36). 

The twenty-second and twenty-third 
cases were found in California, and are 
those of a brother and sister, making the 


Kic. 34. Case 20. Roentgenogram of the chest dated 
June 20, 1952 demonstrating classical microlithia- 
sis, also emphysema in left apex, and clear me- 
diastinal zone. 
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Fic. 35. Case 21. Bucky roentgenogram of the chest, 
showing innumerable fine diffuse calculi, bullous 
emphysema of left apex, and concentrated de- 
posits along bronchovascular tree. Note larger 
calcified nodules in spleen. 


fifth example of familial incidence in this 
series. The chest roentgenograms and 
clinical details were sent to us by Dr. 


Fic. 36. Case 21. Biopsy of lung (X60), demonstrat- 
ing laminated calculi filling many of the alveoli. 
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Fic. 37. Case 22. Roentgenogram of chest dated 
May 20, 1948, presenting classic snowstorm ap- 
pearance. Particles are all of calcific density. Heart 
diaphragm, pleura and thoracic cage normal. 


William O. Fricke and Dr. Donald R. 
Laing of Pasadena, California, after seeing 
our exhibit in Los Angeles. Details as far 
as available are given below under Case 
22 (Fig. 37) and Case 23 (Fig. 38). 

The twenty-fourth case came from Dr. 


Fic. 38. Case 23. Routine chest roentgenogram of 
brother of Case 22 at age thirteen. Patient com- 
pletely asymptomatic and physical examination 
negative. 
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B. P. Anderson Stuart of Sydney, Aus- 
tralia. Knowledge of the existence of this 
case was obtained through Dr. Whitmer 
Firor of Baltimore, who saw the roentgeno- 
grams when in Sydney during the war. 
At that time he was asked to bring them 
back to the United States and find out, 
if possible, what conditions they repre- 
sented. He was unable to find anyone who 
knew the answer and filed the films for 
future reference. When he saw our exhibit 
in Los Angeles, he immediately recognized 
the condition as identical with that which 
he had seen in Australia, but after return- 
ing home was unable to find the films 
which had been filed ten years before. 
We wrote to Dr. Anderson Stuart who 
fortunately had other films of the patient 
which he sent to us. Further details are 
given below under Case 24. 

Two other unpublished cases of this 
esoteric disease are known to exist, one 
verified by biopsy, but the material is not 
available for inclusion with the preliminary 
report, the first in American radiologic 
literature concerning this intriguing con- 
dition. No doubt other cases will come to 
light as soon as attention is called to the 
characteristic appearances roentgeno- 
grams. 

This makes an amazing total of 26 pa- 
tients with this rare and unusual pulmonary 
condition seen by the authors, 23 of them 
hitherto unpublished. Four of them have 
been confirmed by autopsy (1 case of 
Badger, et a/l., 2 cases of Gough and 1 case 
of Childe), 5 by biopsy (Cases 7, 11, 15, 
Ig, and 21), 2 cases are dead without 
biopsy or autopsy (Cases 8 and 24) and 
the others are verified so far only by the 
characteristic roentgenograms. These all 
present the same appearance of diffuse 
sand-like or granular opacities spread uni- 
formly throughout both lungs, often ob- 
scuring the cardiac outlines, the diaphragm 
and the normal vascular makings in the 
lungs. The density of the opacities is that 
of calcium and this must be emphasized in 
order to differentiate this condition from 
the miliary diseases which may simulate it, 
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particularly in a light or underexposed 
roentgenogram. In a well-advanced case of 
pulmonary calcinosis an overexposed or 
overpenetrated roentgenogram Is necessary 
to bring out detail in the lungs and to un- 
cover some of the underlying structures, 
An exposure of 3, 4 or even § times the 
usual amount may be necessary to obtain 
good diagnostic roentgenograms. 

This striking type and degree of pul- 
monary involvement is all the more re- 
markable when considered in contrast with 
the paucity or even total absence of clinical 
signs and symptoms. Most of the cases so 
far recognized have been discovered not 
because of pulmonary symptoms but ac- 
cidentally during more or less routine 
roentgen examination of the chest such as 
for induction into the Armed Forces or 
surveys in a search for pulmonary tuber- 
culosis. The only other condition present- 
ing such marked pulmonary involvement 
with little or no pulmonary symptoms is 
sarcoidosis, but there the similarity ends. 
There is nothing to suggest that this con- 
dition is in any way related to sarcoidosis. 

None of the patients in this series has 
had a history of adequate exposure to 
toxic materials (with the possible exception 
of Bishop’s patient, Case 11). However, 
the distribution of the lesions, the roentgen 
appearance and the histologic findings 
would rule out pneumoconiosis even if 
the occupational exposure were suggestive. 
The only roentgenograms we have seen 
which show changes resembling this con- 
dition due to occupational hazards are 
those of men who have undergone pro- 
longed exposure to metallic tin oxide. This 
was first noted by Hollis Potter of Chicago 
(personal communication), first reported in 
this country by Pendergrass and Pryde” 
and, recently, well documented in an excel- 
lent article by Robertson and Whitaker in 
the Yournal of the Faculty of Radiologists.” 

The lesions of stannosis, however, are 
coarser, of metallic density, and of a quite 
different distribution in the lungs than 
those of calcinosis. To one who is familiar 
with the roentgen appearance of both condi- 
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tions, there should be no difficulty in dif- 
ferentiating them even though the patients 
with stannosis are also said to be free of 
symptoms. The roentgenograms of patients 
with berylliosis*! may simulate those of pul- 
monary microlithiasis at first glance, due to 
the fine ditfuse nodularity of the lesions and 
a “ground glass” appearance as a_back- 
ground to the nodules. Again the differen- 
tial maneuver is to obtain overexposed 
Bucky roentgenograms to bring out the 
calcific density. Lesions of berylliosis are 
granulomatous in nature and do not contain 
any metallic element or calcified particles. 
A careful history of occupational exposure 
is, of course, de rigeur in all patients who 
have diffuse pulmonary lesions. 

Pulmonary hemosiderosis, particularly 
that form accompanying mitral stenosis 
and following repeated bouts of pulmonary 
congestion and hemoptysis, may cause 
greater difficulty in difterential diagnosis. 
In fact, there has been actual confusion of 
the two conditions not only roentgeno- 
logically but also pathologically. The case 
illustrated in Shanks and Kerley’s text- 
book, later reported by Sharp and Danino'® 
and by Gough’ is an excellent example of a 
mistake at the histologic level. 

It is well known that hemosiderin de- 
posited in the human lung causes relatively 
little reaction or fibrosis as compared to 
similar amounts of asbestos or silica. But 
nodules containing hemosiderin seem to 
attract calcium salts and in the advanced 
stages of hemosiderosis there may be many 
small and large deposits of calcium, some 
scattered through the lungs particularly at 
the bases, others in or around the hilar 
areas. By their gross characteristics and 
roentgen appearance they can easily be 
differentiated from pulmonary calcino- 
Histologically, however, there 
may be a few concretions, even metaplastic 
bone formation, and these, associated with 
the changes of chronic passive congestion, 
possibly acute pulmonary edema, have been 
mistaken for pulmonary microlithiasis.. 
More will be said about this later in review- 
Ing previously reported cases. 
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Considerable difficulty in differential di- 
agnosis from roentgenologic studies, where 
practically all such problems now originate, 
may be encountered in the separation of 
this condition from the numerous types of 
miliary processes and diseases affecting the 
lungs. Miliary tuberculosis, miliary metas- 
tases, retrograde lymphangitic spread of 
metastases, diffuse capillary bronchitis, 
acute pulmonary edema (particularly from 
inhalation of toxic material), idiopathic pul- 
monary fibrosis (Hamman-Rich syndrome), 
chronic interstitial organizing pneumonitis, 
acute miliary fungus infections (blasto- 
mycosis, cryptococcosis, torulosis), lym- 
phatic leukemia, pulmonary eosinophilic 
granulomatosis and even an occasional case 
of polycythemia may produce such diffuse 
and uniform lesions throughout both lungs, 
and so finely nodular in shape and distribu- 
tion as to simulate pulmonary calcinosis. 
The answer to all of these is clear and sim- 
ple, 7.e., the density of opacity of the indi- 
vidual lesions. This cannot be stressed too 
much. In cases of doubt an overexposed or 
overpenetrated Bucky roentgenogram will 
bring out the striking calcific density in pul- 
monary calcinosis, while all the others will 
give shadows of only soft tissue density. 

It is quite conceivable, however, that 
there may be a stage in this condition in 
which only a noncalcified matrix fills the 
alveoli before the deposition of calcium 
and phosphorus salts occurs, which would, 
of course, give only shadows of soft tissue 
density and simulate any of the miliary in- 
fections or exudates. The cases of Fried- 
reich®—** and of Benard, et a/.* show only an 
intra-alveolar exudate, not laminated cal- 
cult. All 3 of Friedreich’s patients died of 
tvphoid fever and the pulmonary lesions 
must have been due either to capillary ex- 
travasations or possibly to acute pulmonary 
edema. Friedreich classified the lesions as 
“corpora amylacea” and there is no men- 
tion of calculi or calcification or stone 
formation. Unfortunately, in those days 
(1856) there were no roentgen rays avail- 
able. Similarly, in the case of Munk*® and 
Jona the alveoli were filled with “amor- 
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phous material, for the most part sidero- 
calcific elements which are known as heart- 
failure cells.’ This is probably a combina- 
tion of chronic passive congestion, hemo- 
siderosis, and acute pulmonary edema or 
congestion. The roentgenogram of Munk’s 
patient is typical of mitral heart disease 
with chronic pulmonary changes, both con- 
gestion and fibrosis, with numerous spots of 
variable size from pin point to coftee bean, 
and not at all suggestive of pulmonary 
calcinosis. Jona’s case is quite similar. It 
cannot, however, be denied that there may 
be laminated precipitates in some alveoli, 
or “corpora amylacea” or even some real 
concretions, but the over-all picture is 
completely different. Munk’s case and 
Jona’s case are ones of rheumatic heart dis- 
ease with mitral stenosis and secondary pul- 
monary changes related to the results of 
heart disease, while the real cases of diffuse 
alveolar microlithiasis are not associated 
with heart disease and pursue an entirely 
different course. Inclusion of such cases 
of mitral heart disease and hemosiderosis 
with those of microlithiasis only clouds 
the issues. It does, however, exemplify the 
fact that trees may obscure the forest. Or, 
because individual histologic lesions of 
identical nature occur in the lungs of two 
different patients, there is no reason to 
assume that the patient’s disabilities and 
death are therefore due to the same disease. 
For example, the classic histologic lesions 
of sarcoid may be found in various situa- 
tions and in diverse conditions, but all pa- 
tients harboring sarcoid lesions do not 
have sarcoidosis. Wolbach taught that the 
sarcoid lesion was a specific histologic re- 
action which could be initiated by any one 
of several different inciting stimuli. Fur- 
thermore, we have previously learned" that 
a study of calcification in histologic sections 
will not suffice to predict whether there is 
quantitatively enough calcium to cast rec- 
ognizable shadows iv vivo in the roentgeno- 
gram. We contend, therefore, that the 
characteristic roentgen appearance should 
be considered an essential part of the clin- 
ical picture in the diagnosis of pulmonary 
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alveolar microlithiasis or idiopathic pul- 
monary calcinosis. 

We must, however, also consider in 
roentgenologic differential diagnosis the 
various diseases, usually infections such as 
tuberculosis or histoplasmosis, which re- 
sult in numerous calcified foci through the 
lungs. These are easily and quickly sepa- 
rated from pulmonary calcinosis by rec- 
ognizing the localized shot-like nodules of 
variable size and shape scattered irreg- 
ularly through the lungs and often associ- 
ated with calcified lymph nodes in the hila, 
mediastinum, neck or abdomen. The spleen 
and rarely the liver may show numerous 
small round smoothly-outlined  calcitied 
foci in histoplasmosis or tuberculosis, but 
so far we have seen calcified areas in the 
spleen in only one patient with pulmonary 
calcinosis (Case 21). The size, shape and 
distribution of the calcified foci following 
infection or focal necrosis in the human 
lung will immediately rule out the possibil- 
ity of pulmonary calcinosis. 


ROENTGEN APPEARANCE 


The roentgen appearance of pulmonary 
alveolar microlithiasis is considered to be 
quite characteristic, and no other disease 
duplicates it or really even imitates it. 
There are, however, individual differences 
not only in the amount and degree of pul- 
monary involvement but also in the ap- 
parent size of the individual lesions, the 
simulation of coalescence, the amount of 
pleural or subpleural extension and_ the 
secondary changes such as emphysematous 
blebs. There are also changes and varia- 
tions in the individual cases with the lapse 
of time. So far we have seen only progres- 
sive changes, occurring slowly but, never- 
theless, constantly worsening until the 
lungs are almost completely filled by the 
calculi or the reactions to them, or both. 

The patients may die by the actual 
smothering effect from the filling up of 
alveoli and the consequent loss of breathing 
capacity just as effectively brought about 
by this condition as may occur with pul- 
monary adenomatosis or even, more acutely 
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of course, by drowning. The alternative 
mode of death is by congestive heart failure 
(cor pulmonale) w hich is in turn due to the 
disease in the lungs and probably to in- 
creased pressure in the pulmonary circula- 
tion. We have records of pressures in the 
pulmonary vi ascular tree in two of these pa- 
tients so far. In Case 7 intracardiac cathe- 
terization gave completely normal findings, 
and in Sato’s'® Case 1, intracardiac catheter 
measurements were also within normal 
ranges. Autopsies have failed to show any 
primary disease of the pulmonary vascular 
system but only secondary changes from 
the reactions and infections which resulted 
from the presence of innumerable foreign 
bodies. 

The typical roentgen appearance can be 
described as a very fine sand-like mottling 
of both lungs, apparently uniform § from 
apices to bases, but much denser at the 
bases because of the greater thickness 
(depth) of lung tissue at those portions. 
Individual lesions appear granular, sharp 


in outline, but irregular in’ shape, of 


calcific density, usually less than one milli- 
meter in diameter and best recognized and 
appreciated by using a low-power magnify- 
ing glass (known locally in our Boston de- 
partment as “The Cheater”). They may 
appear uniform in size but may seem to be- 
come larger and more irregular when they 
begin to crowd together later in the progress 
of the disease. The intervening spaces and 
the gross morphology of thorax, lung and 
chest are usually normal until later in the 
course of events. The cardiac outlines, hilar 
vessels and diaphragms are usually ob- 
scured by the total density of the micro- 
liths. In several cases the pleural surfaces 
were outlined by dense continuous de- 
posits of calcium salts. This usually oc- 
curred, or at least was most evident, at the 
right base anteriorly and laterally. In other 
cases the entire pleural surface of each lung 
could be recognized as delineated by fine 
subpleural calcific deposits. Overexposed 
Bucky roentgenograms sometimes brought 
out the two smoothly outlined hard-shelled 
lungs leaving the mediastinal space between 
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them as an area of lesser density in spite of 
its combined shadows of heart, vessels, and 
thoracic vertebrae. Similarly, the inferior 
borders of the lungs can be outlined through 
the liver and abdominal contents by the 
calcific density in lung and pleura which is 
more opaque than the liver, diaphragms 
and abdominal contents. 

Only a few patients have been followed 
long enough to note and record the changes 
in the roentgen appearance which occur as 
the disease follows its inevitably progressive 
course. In Case 1 we have roentgenograms 
covering a period of nine years, and in 
Cases 4 and 12 of ten years. In the former 
the lesions became progressively denser, ap- 
parently coarser and more coalescent, and 
large emphysematous blebs developed 1 
each apex. In Case 4 the evidence of 
worsening is less marked but still recogniz- 
able in the same manner of progression. In 
Case 12, however, there seems to have oc- 
curred a change which might be classed as 
improvement, but could equally well be 
explained on the basis of differences in 
technique, or by assuming that there was 
an infection or granulomatous process com- 
plicating the original roentgen appearance. 
(See Case 12 for a detailed discussion.) It 
seems to us that the amount and degree of 
change depend somewhat upon the age of 
the patient and the extent of involvement 
when the condition is first recognized. Thus 
in the patient of Manz,'® where this condi- 
tion was first observed in a girl of twelve 
vears, there was said to be ‘“‘no evidence of 
progressive change” after an interval of 
fifteen vears. The woman died at thirty- 
seven years of age, a known duration of 
twenty-five years. On the other hand, our 
Case 3, aged forty when first seen, showed 
marked worsening of the pulmonary process 
at a second roentgen eXé iumination eight 
vears later, Case 1 progressed to death in 
nine years and yet Case 16 1s still com- 
pletely free of symptoms at age of thirty- 
five after a known duration of fourteen 
vears. Until the time when we identify the 
real beginning of this condition we can 
make no deductions as to its rate of devel- 
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opment nor as to its total duration. We 
know only that most of the cases are dis- 
covered in their twenties or thirties and 
they may die in three to twelve vears. 
There must be a great deal of individual 
variation in intensity as well as in speed 
of development and progression. We do 
know, so far at least, that there is no ap- 
parent decrease or diminution of the condi- 
tion as time goes on and no visible effect 
on its roentgen appearance by any form of 
therapy so far attempted. 


REPORT OF CASES 
CASE I 


Thomas B.* was first seen by us in 1942, 
then aged forty-five, when his chest roentgeno- 
gram was shown to one of us at the Boston 
Armed Forces Induction Center. He had pre- 
viously been working in a defense plant doing 
fairly heavy work assembling breechblocks for 
cannon, when a routine chest survey film re- 
vealed extensive pulmonary lesions of unknown 
character. Because of the roentgenographic 
findings and in spite of the fact that he had no 
symptoms, he was discharged and returned to 
his former occupation of part-time chauffeur 
and gasoline filling-station attendant. He gave 
no history of any pulmonary disease or diff- 
culty except for a brief attack of pneumonia in 
1937. Except for a tonsillectomy in 1912, his 
past history was negative. His family history 
was good except for one brother said to have 
died at the age of forty-six of cancer of the 
liver. He had been married twenty years, had 
6 children, bet had been separated from his 
wife for ten years. 

His physical examination and_ laboratory 
tests in 1942, as reported by Dr. Badger, were 
all within normal limits. The blood cell counts 
and hemoglobin were normal, the urine was 
negative, the patch test for tuberculin sensitiv- 
ity was negative, and the sputum was also 
negative for tubercle bacilli. 

His chest roentgenogram, taken January 
30, 1942 (Fig. 1) revealed an extensive, uni- 
form, bilateral sand-like clouding of both 
lungs obscuring the cardiac outlines and the 
diaphragm, most marked in the bases and fad- 
ing out toward the apices. Only in the apices 
could the intimate abnormal anatomic detail 


* This patient has previously been 


et al.' 


reported by Badger, 
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be appreciated, and then only with the help of 
a magnifying glass. This revealed myriads of 
tiny calcified particles, each one sharp, dis- 
tinct and separate from the others, spread uni- 
formly throughout all portions of the lungs, 
There seemed to be no fibrosis, scarring, shrink- 
age or distortion of the lungs, and no evidence 
of destruction, obstruction, caseation or cavi- 
tation could be made out. The total density of 
sand-like deposits was so great that it required 
an exposure of three times the average amount 
to secure a diagnostic roentgenogram. 

We did not see the patient again but we did 
see roentgenograms of his chest from time to 
time at various clinics, film-reading sessions 
and seminars, always with the question, “What 
is it?” and always with the same answer, “We 
do not know, but someday we will find out. At 
present we call it ‘idiopathic pulmonary cal- 
cinosis’ for indexing purposes.” 

Dr. Badger was able to follow the patient 
from 1948 when he began to have definite 
symptoms of cough with mucoid sputum, 
weakness and shortness of breath on exertion, 
through an inexorably progressive downhill 
course, with marked loss of weight and in- 
creasing shortness of breath until his death on 
November 12, 1951. During the last four years 
of his life, extensive studies of his pulmonary 
functions, bronchoscopy, chemical studies of 
blood and urine and metabolic studies were 
done but vielded no clues as to the etiology or 
cause of the pulmonary calcinosis. His vital 
capacity decreased during this period and his 
alveolar arterial oxygen difference four 
times greater than normal at rest. The other 
ventilatory studies indicated much __ better 
functional capacity than would seem possible 
from the amazing roentgenograms. 

Summing up his final four years, it 1s impor- 
tant to note that bronchoscopy was negative, 
cytologic and cultural tests on the bronchial 
washings were negative, and no tubercle bacilli 
or fungi could be demonstrated by culture or 
guinea pig inoculation. In October, 1949, a 
large calculus was demonstrated in the left 
kidney (Fig. 2) and removed surgically. In 
1950 a calculus was removed from his left 
ureter, but from then on he continued to pass 
small calculi, and roentgenographic examina- 


Was 


tion demonstrated numerous small calculi in 
each kidney and in the suprapubic region, the 
latter possibly in the prostate. An analysis of 
the calculus removed was reported as ‘“‘more 
than 60% ash, no phosphorus, uric acid or 
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cystine, and 4+ oxalate.” His urine repeatedly 
showed oxalate crystals during this period. 

Electrocardiograms were consistent with 
the presence of cor pulmonale but were other- 
wise non-contributory. 

The metabolic studies were done under the 
direction of Dr. Fuller Albright and revealed 
essentially normal findings in serum proteins 
(6.5 gm. per cent), calcium (12.2 and 10.4 mg. 
per cent), phosphorus (3.0 and 3.2 mg. per 
cent), alkaline phosphatase (3.5 Bodansky 
units), nonprotein-nitrogen (40 mg.), chloride 
(99 mEq) and CO, content (20.4 mkq/1). A 
Sulkowitch test showed no elevation of calcium 
excretion in the urine. 

Various attempts to alleviate the patient’s 
symptoms and to change the course of his dis- 
ease were made but with little success. He 
felt better while taking ACTH and cortisone 
but these did not affect the progress of his 
disease. Death was apparently due to pulmo- 
nary deficiency. Toward the end of his life he 
became cyanotic on exertion and developed 
moderate clubbing of his fingers. 

Serial roentgenograms of this patient’s chest 
from January 30, 1942 to December 7, 1950 
were available for study and comparison, but 
only the first roentgenogram (Fig. 1) and the 
last one (Fig. 3) are reproduced here. The first 
roentgenogram (Morrison) showed that there 
was enough of the sand-like mottling to obscure 
the cardiac borders but not the diaphragm. 
The upper iobes were well aerated. The minor 
fissure on the right stood out sharply due to 
calcific deposits along the pleura. Both leaves 
of the diaphragm were low and slightly flat- 
tened. The second roentgenogram, November 
3, 1944 (Cushing Hospital), showed an ap- 


parent increase in the amount and density of 


the pulmonary process but no other change. 
A third roentgenogram, January 14, 1943, 
showed still more extensive involvement, with 
some larger apparently coalescent areas and a 
spread into the apices and the extreme bases 
laterally. A fourth roentgenogram on January 
24, 194g at the Newton Hospital showed mas- 
sive “conglomerate” areas in the right lower 
lobe, along the right chest laterally, and through 
most of the left lung. There was now marked 
deposition of calcium in the pleura over the 
left upper lobe and emphysematous areas 
through both lungs. The diaphragm, however, 
was still visible with fairly normal curves. The 
final examination on December 7, 1950 re- 


vealed an almost incomprehensible state of 
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affairs in the lungs of a living, breathing pa- 
tient. Both lungs were heavily calcified, with 
thick hard shells of calctum in or under the 
pleura and large irregular emphysematous 
bullae in the left upper lobe, less marked in the 
right apex. The character and extent of this 
amazing process is best shown by an over- 
exposed Bucky roentgenogram (Fig. 3). It 
would seem from this roentgenogram that the 
only useful part of the lung remaining was the 
small portion in each base laterally, certainly 
less than 20 per cent of his original lung volume. 
There were no further changes demonstrated 
during the final year of his life. 

The autopsy (BCH A-s51-809) was done on 
November 13, 1951 and revealed both pleural 
cavities obliterated by dense adhesions. The 
lungs were much heavier and denser than 
normal (right 1,800 gm., left 1,500 gm.). They 
were cut with extreme difficulty and were of a 
gritty sensation. There was a marked bullous 
emphysema of both apices. Crystalline ma- 
terial lined some of the blebs and also was scat- 
tered throughout both lungs. 

The heart was moderately enlarged, par- 
ticularly the right ventricle, and weighed 480 
gm., but was otherwise negative. The spleen, 
liver, gastrointestinal tract and gallbladder 
were unremarkable except for chronic passive 
congestion. There were no gallstones. The kid- 
neys showed no gross evidence of either acute 
or chronic infection, but there were many small 
tan pebbles in the calyces of each kidney. Four 
parathyroid glands were identified and were 
normal except for slight hyperplasia. The brain 
was not examined. The gastric mucosa was 
normal. 

Histologically a remarkable condition was 
found in the lungs. Approximately 8o per cent 
of the alveoli contained laminated concretions 
staining pink to bluish pink. In the upper lobes 
most of the alveoli were normal except for the 
concretions lying free inside them (Fig. 4). In 
the lower lobes there were foreign-body reac- 
tions in the alveolar walls and interstitial tis- 
sues, including giant cells, lymphocytic infil- 
tration and interalveolar fibrosis (Fig. 5). 
Actual bone formation was not noted in the 
sections studied. There was no histologic evi- 
dence of tuberculosis or any other specific in- 
fection. The pulmonary vessels appeared nor- 
mal. 

Chemical analysis of a portion of the right 
lower lobe removed at autopsy was reported as 
noted in Table 1. On addition of hydrochloric 
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TABLE I 


CHEMICAL ANALYSIS OF LUNG IN CASE I 


Total Solids 


5§.3 percent 
Moisture Content 44.7 percent 
Ash 34.4 percent of fresh weight 


62.2 percent of dry weight 


Analysis of Ash 
Si0.—trace 
P,O;— 38.8 per cent 
CaO—s51.8 per cent 
Ke,O;— 0.1 per cent* 


* Colorimetric estimate. 


acid for solution of ash, the sample ettervesced 
considerably, indicating the presence of carbon- 
ates in appreciable quantity. 

This patient had 6 brothers and sisters and 6 
children. Dr. Badger has been unsuccessful so 
far in finding any of them for study or for roent- 
genographic examination. 

CASE 2 

This male of English stock was twenty-five 
years old in 1942. The roentgenogram of his 
chest taken in 1941 was shown to one of us in 
1942 and a duplicate left with us by Dr. Perry 
Macgregor Knox, of the Moncton Tuberculosis 
Hospital, Moncton, New Brunswick, who also 
furnished the information concerning this 
patient and his brother (Case 12) and gave us 
permission to include them in this report. 

Herbert P., a bookkeeper from Chatham, 
New Brunswick, in perfect health, volunteered 
in 1939 for service in the Canadian Army. 
Routine roentgenograms of his chest after en- 
listment (Fig. 6) revealed a diffuse bilateral 
pulmonary condition, which, in spite of a 
completely negative physical examination, was 
considered of sufficient import to warrant re- 
jection for service in the Armed Forces. 

Past History. The patient was the eldest of 
g children, with an excellent family history. 
Several ancestors lived to the age of eighty or 
better and one to ninety-nine years. This pa- 
tient. had had the usual childhood diseases, 
mumps and measles but not whooping cough. 
There was no record of pleurisy or pneumonia, 
and no occupational exposure in mines or any 
dusty trade. No history of kidney or bladder 
trouble or of allergy could be obtained. There 
was a diagnosis of “mild typhoid” in 1936, 
which also affected his second brother at the 
same time. 


» 1957 


His weight in 1939 was 150 pounds which 
rose to 17§ and at times 18§ in recent years, 
There was “stomach trouble” twelve 
previously lasting about two years. 

Chest roentgenograms of both parents were 
normal. Those of his § brothers and 3 sisters 
were normal except for the fifth sibling, a 
brother aged thirty, whose chest roentgeno- 
gram revealed a similar condition (See Case 
12). 

A chest roentgenogram of the patient, dated 
1941 (Fig. 6), showed a very finely mottled 
diffuse process throughout both lungs, most 
marked in the bases medially and least marked 
in the apices where there was localized emphy- 
sema with slight calcification in the apical 
pleural caps. The lesions were minute, fine, 
sharply outlined, sand-like in appearance and 
obviously of calcific density. There was a 
definite exaggeration of markings radially from 
the hila, but no hilar or mediastinal masses, 
and no dilatation of the pulmonary vessels. 
The cardiac outlines were indistinct due to the 
pulmonary process, and, although appearing 
slightly enlarged to the left, the cardiac con- 
tour was normal. The diaphragm was sharply 
outlined and appeared normal in position and 
contour. The bones of the shoulder girdles and 
thoracic cage appeared normal in calcium con- 
tent and in anatomic detail. The trachea and 
main bronchi were well visualized and appeared 
normal. 


years 


Comment. The roentgen appearance cor- 
responds perfectly to previous cases of 
microlithiasis, but the process seems to be 
much less dense and with more normal lung 
remaining than in Case 1 when first seen. 
The difference may be due to an earlier 
stage of the condition, in view of the 
marked difference in the ages of these 2 
patients. 


A second roentgenogram of this patient’s 
chest, dated May 16, 1945, showed a definite 
increase in the process, both in amount and 
density (Fig. 7). The cardiac outline was now 
almost completely obscured, the diaphragm 
was less distinct, and the upper mediastinal 
borders were obscured. The individual lesions, 
however, were still quite small, sharp and dis- 
tinct, with no tendency toward coalescence 
or conglomeration. There was no increase 1n 
the apical emphysema. The third examination, 
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dated December 20, 1955 from Dr. E. Grenier, 
Gaspé, Quebec, was made with different tech- 
nique and is difficult to compare with the 1941 
roentgenogram. There was less inspiration, but 
the general appearance, quantity, distribu- 
tion and density of the process all appeared 
unchanged, with no apparent progression since 
the 1945 roentgenogram. 

At last report in December, 1955, he was in 
good health, but was short of breath on climb- 
ing. He was otherwise well and had not lost 
any time from work due to illness or disability 
since an appendectomy in 1937 


CASE 3 

This is a female of Spanish descent. The 
roentgenograms of this patient’s chest were 
brought to one of us by Dr. Gonzalo Esguerra- 
Gomez, from Bogota, Colombia, who has given 
us permission to include this patient’s history 
and roentgenograms In our report. 

Elisa A., an unmarried woman aged forty 
in 1948 was born in Santander, Colombia and 
has lived there all her life “by the side of a 
dusty road.” Twelve years ago she experienced 
severe abdominal pains with slight hematuria, 
suggesting renal colic. Since then she has had 
occasional abdominal pains. Her appetite was 
fair. There was no cough or fatigue. She has 
never worked in any industries or mines. The 
menses were normal. She did experience some 
weight loss. 

The roentgenograms of her chest in 1948 


(Fig. 8) revealed the classic appearance of 


pulmonary calcinosis, 7.e., innumerable very 
fine sand-like shadows of calcific density uni- 
formly distributed throughout both lungs from 
apex to base. There was no sign of any other 
disease in the thorax, pleura, mediastinum, 
heart or lungs, and no distortion or abnormal- 
ity of otherwise normal anatomic relationships 
except that the minor interlobar fissure on the 
right was definitely thickened and dense, prob- 
ably due to heavy deposits of calcium salts. 
There were many thickened linear shadows 
extending radially from the hilar areas, seen 
and appreciated better in the upper lobes, ex- 
tending in places to the extreme periphery of 
the lungs. These seemed to be due to calcific 
deposits along vessels or bronchi, 
along lymphatics or septa. The cardiac out- 
lines were almost completely obscured by the 
dense pulmonary process but the heart seemed 
to be enlarged both to right and left. The dia- 


pe SSI b] 


phragm was completely obscured. Numerous 
fine particles of calcium could be seen through 
the upper abdominal shadows, obviously rep- 
resenting deposits in those portions of the 
lung in the posterior costophrenic sulci. The 
bones all appeared normal in density and de- 
tail. There was a dense semilunar calcific de- 
posit in or around the aortic knob. 


Comment. This patient's process was well 
advanced, more extensive and quantita- 
tively greater than in Case 2, and about 
equal to that noted in Case 1 in 1948 when 
he began to have symptoms at the age of 
fiftv-one vears. 


The most recent roentgenograms of her 
chest, April, 1956, showed her lungs to be al- 
most completely opaque (Fig. 9). The lower 
portions appeared solid and airless with only a 
little air content visible in the upper lobes. 
There was a narrow 2 cm. dark, clear zone in 
the midline of the chest from the base of the 
Jungs up to the region of the carina, in which 
no calcium was demonstrable. The bones of 
the spine and thorax remained normal in 
density and detail. The pulmonary involve- 
ment seemed much worse than in the 1948 
roentgenogram. 

She returned for re-examination including 
roentgenography in April, 1956, at which time 
a more complete history, physical examination 
and laboratory tests were obtained. She was 
the second of § children. One sister had hyper- 
tension, the other siblings were said to be nor- 
mal, but one sister who accompanied her, aged 
forty-six, was found to have a similar condition 
in her lungs. (See Case 14.) 

The tamily history was unimportant. Her 
father died at the age of seventy-two of peri- 
tonitis. Her mother died of anemia following 
metrorrhagia. One brother, aged fifty, and 3 
sisters, aged forty-six, forty-five and forty are 
living and claim to be well. None of them has 
any children. Two sisters and the brother have 
not yet been roentgenographed. 

Past History: She had had the usual child- 
hood diseases. Her general health has always 
been good except for the acute abdominal pain 
and hematuria noted above. 

Physical Examination: Physically, she was 
well within normal limits except for an asymp- 
tomatic fibroid. No pathologic signs could be 
found in the chest. Roentgenograms of the 


abdomen were negative for urinary calculi. 
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Laboratory Data: Urine: Specific gravity 
1.020; pH 5; no albumin or sugar. Blood: 
Serum calcium 4.9 mg. per cent (normal! 
4.2-5.1); cholesterol 190 mg. per cent; fasting 
blood sugar 80 mg. per cent; nonprotein nitro- 
gen 31.2 mg. per cent; red blood cell count 
5,600,000; Hb. 15.7 gm.; hematocrit $4 per cent; 
white blood cell count 8,000; differential blood 
count normal; sedimentation rate 39.0 mm. in 
one hour. 


CASE 4 

William C., a married white male of English 
descent, was thirty-seven years old in 1954. 
(The roentgenograms, case histories and clin- 
ical details of the next three patients, Cases 4, 
5 and 6, were sent to us by Dr. W. Duane Jones 
and we are indebted to him for permission to 
publish them.) This patient was admitted to 
the State Tuberculosis Hospital in Ashland, 
Kentucky in 1954 because of cough, occasion- 
ally bloody sputum, and shortness of breath 
of about two years’ duration, all of these symp- 
toms having been brought out after a chest 
photofluorogram by a mobile unit indicated the 
need for further examination. The roentgeno- 
gram of his chest (Fig. 10) revealed the striking 
and unusual appearance of countless fine diffuse 
lesions of calcific density throughout both lungs. 
The possibilities of miliary tuberculosis or of 
some unusual fungus infection were considered. 

Physical examination was remarkably un- 
productive except for rales in both bases, both 
front and back. His heart appeared normal in 
regard to size, position, rate, rhythm and 
sounds. Blood pressure was 11§ 80. The pa- 
tient was fairly well nourished, did not appear 
ill, was not cyanotic, but had some clubbing of 
his fingers. There was no glandular enlarge- 
ment. Nothing abnormal could be found tn his 
abdomen. 

His sputum was repeatedly negative on 
smear and culture for tubercle bacilli. Several 
specimens were examined for fungi but no 
pathogenic fungi were found. Candida albicans 
was found in one specimen. Complete blood 
cell counts were within normal ranges, sedi- 
mentation rate was normal, urinalysis and 
serologic tests for syphilis were negative. Tu- 
berculin skin test with first strength PPD was 
2+. Histoplasmin skin test and serum tests 
were negative. 

Reviewing his past history, it was learned 
that he had been rejected by the army in 1943 
because of a chest condition, but he was able 


to work without symptoms up until two years 
ago. He had coughed and raised sputum for 
many years. His past history recorded only the 
usual childhood diseases but no serious 
nesses. His father, mother, 6 sisters and 6 
brothers were all living and well. One uncle 
had died of tuberculosis, one sister was born 
dead and another sister died at the age of two 
years. 

His occupational history indicated that he 
had spent most of his life as a hillside farmer in 
Knott County, Kentucky, but for a period of 
less than two years he worked about a coal 
mine, part of the time underground, and 
grinding bits part of the time. His total period 
of this employment was less than two years, 
It was further learned that he had undergone 
a pre-employment roentgenographic examina- 
tion of the chest at that time, later found to be 
1944. That roentgenogram eventually 
located, studied and found to show almost the 
same degree of diffuse pulmonary calcinosis as 
in the 1954 roentgenograms (Fig. 11). This 
effectively ruled out any form of pneumoconio- 
sis due to his work. 

In the attempt to roentgenograph the chests 
of all members of the family, contacts of a 
possible contagious disease, it was found that 
two sisters aged thirty-two and twenty-three, 
respectively, had the same condition in their 
lungs but of less marked degree and intensity. 
Both sisters were free of all signs and symptoms 
of disease or disability. The father, mother, 6 
brothers and 4 sisters and the patient’s young 
son were subsequently roentgenographed with 
negative results. 

The patient was afebrile and was discharged 
to his home. Arrangements were made for ad- 
mission to. the Hospital 
where pulmonary function studies were done 
by Dr. Grover Sanders with the following re- 
sults and conclusions: 


Louisville General 


Vital Capacity (1.) 
Observed 3.94 
Predicted 3.86 
Percentage of Predicted 102 per cent 


Timed Vital Capacity (1.) 
One Second 62.§ per cent 
Two Seconds 
Three Seconds 


Sg per cent 
g4 per cent 


Maximum Breathing Capacity (MBC) 
Observed 
Predicted 104.2 
Percentage of Predicted Xo per cent 
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Minute Ventilation (MV) 
Resting |./min./m.2— (normal (2. 5-5) 
Walking—g.6 |./min./m.2 (normal 


Arterial O. and 
Oxygen Saturation 89.6 per cent 


CO. Content 46.8 vol. per cent 


Air Velocity Index—80/102-0.78 


Rreathing Reserve ) 
MBEC 
Observed 8g.4 per cent 
Normal gl-g§ per cent 


The total vital capacity 1s within predicted limits. There is 
very slight reduction in MBC and timed vital capacity which 
would be compatible with mild obstructive ventilatory insufh- 
ciency. The reduced O? saturation may be due to diffusion detects. 
However, further studies would be required to accurately evaluate 
this finding. Residual volume and total lung capacity were not 
done. 


The patient refused pulmonary biopsy and 
was discharged to his home. At our request 
additional roentgenograms were made of his 
abdomen and urinary tract, but no calcul 
could be seen. 

It was later learned that both of this patient’s 
grandparents on his mother’s side had died of 
supposed pulmonary tuberculosis “many years 
ago.” 

Reviewing his chest roentgenograms, dated 
June 28, 1944 (Fig. 11) and September 8, 
1954 (Hig. 10), we note that there 1s a consider- 
able technical difference between the two films, 
making it difficult to compare them with ac- 
curacy. The process was well advanced in 1944 
when he was twenty-seven years of age, with 
very diffuse lesions, both fine and coarse, com- 
pletely obscuring the cardiac outline and almost 
obscuring the diaphragm. The 1954 roentgeno- 
gram is technically much better with more 
penetration and more contrast. This film was 
given three times the amount of exposure which 
would normally be required to obtain a good 
roentgenogram. The lesions appear sharper 
and possibly smaller but more numerous. 
Small emphysematous blebs have appeared in 
both apices, which may be a poor sign prog- 
nostically judging trom the course of events in 
Case 1. In both roentgenograms the bone de- 
tail and calcium content appear normal. 


CASE § 

Nettie H. is a thirty-two year old married 
white female and sister of Case 4. Her chest 
condition was found on routine roentgeno- 
graphic examination of family contacts. The 
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patient had no symptoms, no disability, and 
refused hospitalization. 

A chest roentgenogram, dated November 8, 
1954 (Fig. 12), revealed extensive involvement 
of all lobes of both lungs to such an extent that 
the heart, diaphragm and all detail in the 
lower half of each lung were completely ob- 
scured. Here again the technical quality of the 
film is not good, being underexposed in view 
of the massive involvement. Through the 
partly aerated upper lobes could be seen coarse 
dense nodules and streaks spread uniformly on 
both sides, with some linear fibrous strands and 
emphysematous blebs in the apices. Many of 
the nodules contained sharp calcium particles, 
others appeared more fibrous. The aortic knob 
was obscured and the upper mediastinal bound- 
aries were obliterated. The bones again ap- 
peared normal. 


Comment. It seemed almost impossible 
that this patient could carry on normal 
activities and be free of symptoms with 
such extensive pulmonary involvement. 
The appearance suggested that the small 
lesions were coalescing like silicotic nodules 
do in progressing to the conglomerate stage. 


CASE 6 


Hettie H. is a twenty-three year old, mar- 
ried white female and a sister of Case 4. Her 
chest condition was also unexnectedly revealed 
by routine roentgenographic examination. This 
patient also denied symptoms, had no obvious 
disabilities but refused further study and hos- 
pitalization. 

The roentgenogram of her chest, dated No- 
vember 8, 1954, is technically better than the 
one of her elder sister although she was more 
obese. The roentgenogram (Fig. 13) revealed 
an extensive diffuse fine sand-like mottling uni- 
formly distributed throughout both lungs. 
The heart outline and the diaphragm shadows 
were faint but appeared to be normal. The 
process was dense enough to obscure most of 
the intimate detail in the lower lobes, but in 
the upper lobes the individual lesions were 
found to be minute, sharp and of calcific density, 
with a tendency to be arranged in radiating 
streaks. No emphysematous blebs could be 
seen. The clavicles and ribs appeared normal 
and the trachea was also normal. 


Comment. The appearance is characteris- 
tic of pulmonary microlithiasis probably in 
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an earlier stage than that of her brother 
and sister. Even so, it is remarkable that 
she had no symptoms and no disability in 
view of such extensive pulmonary involve- 
ment. 

Reviewing the past history of the family 
as a whole, we find that William was the 
first child, Nettie and Hettie were the 
fourth and fifth children, respectively. No 
information as to difficulties in birth were 
obtained. All three were sick with measles 
at the same time, and all three had whoop- 
ing cough, but not at the same time. None 
of them was known to have had diphtheria 
or any other serious respiratory disease. 

William’s abdominal roentgenograms 
showed no evidence of urinary calculi. No 
abdominal roentgenograms have been ob- 
tained on his 2 sisters as vet. 


CASES 7, 8, 9 AND IO 


The mother and father of these 4 sisters were 
married in Italy and came to this country 
thirty-eight years ago with one daughter (now 
Mrs. De S., one of the living sisters with micro- 
lithiasis) when she was about seven years old. 
The rest of the children, 3 daughters and 2 sons, 
were born in this country. The parents always 
resided in the same local community in this 
country until they died. 

The mother died in 1940 at the age of fifty- 
one. For two years previous to her death she was 
partially paralyzed from a cerebral hemorrhage. 
She developed a high fever several days betore 
her death and died without being hospitalized. 


She had never had a roentgen examination of 


her chest. Nothing else is known of her medical 
history. 

The father died in 1942 at the age of fifty- 
two. He had been admitted to a local hospital 
January §, 1942 for a cystoscopic examination. 
The records show that he was admitted at 
8:30 A.M. and given general anesthesia at 9:30 
A.M. for the procedure. As the cystoscopic 
examination was being made, he went into 
acute cardiac arrest and expired at 11:20 A.M. 
He had always been well and had never before 
visited a doctor. One of the daughters said 
that he had complained of pain in his abdomen 
for two days previous to his visiting the doctor. 
Kor many years he had worked as a laborer and 
as a bricklayer. Several years before his death 
he was a foreman for a local transit company. 


June, 19S7 


He had never had a roentgenogram of his chest 
taken. A postmortem examination was not 
performed. Nothing else is known of his med- 
ical history. 

The father had a sister who is now living 
and well. She recently had her chest roentgeno- 
graphed and it was found to be negative. Four 
of the mother’s sister’s children recently exam- 
ined roentgenographically were found to have 
negative chests (3 male, 1 female). The moth- 
er’s brother’s chest recently roentgenographed 
was negative. The father’s brother, about 
fifty-five years of age, recently showed nega- 
tive roentgenographic findings his chest. 
There are 2 living brothers of these 4 sisters 
with negative roentgenographic findings in 
their chests (ages forty and twenty-two). 

There is a brother of the father now living 
in Italy and about sixty years of age with un- 
known findings in his chest. There are 8 im- 
mediate relatives of the father and mother in 
Italy who, we hope, will have chest roentgeno- 
grams taken later. 

To summarize the family history: All of the 
4 daughters of this man and wife are known to 
have pulmonary alveolar microlithiasis but 
not the 2 sons nor the father’s brother or sister. 
Many descendants and relatives on the moth- 
er’s side of the family have been roentgeno- 
graphed in this country with no evidence of 
the disease being found. 


CASE 7 


The condition in the first sister’s chest (Mary 
C.) was originally found in 1946 through a 
routine pre-employment chest roentgenogram. 
Other roentgenograms were subsequently taken 
but no clinical evaluation was made until 1962. 
A short history revealed her to be the wife of a 
soldier in the regular army who had_ been 
stationed at various posts in this country and 
abroad. Her only complaint at that time was 
that she was unable to become pregnant. She 
had been to see several doctors about this and 
had received several injections of her uterus and 
tubes to determine patency. Following one of 
these injections she had acute chest pain and 
Was thought to have lipiodol emboli as noted 
below. In view of this history it was reasonable 
to suggest lipiodol emboli as a possible cause of 
the pulmonary densities.* 


was subsequently discovered that her husband's oligo- 
spermia was probably the cause of her infertility. She did become 
pregnant in 195s, but as she neared term she went into labor, 
was admitted to the hospital and delivered a dead fetus. No sign 
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She was first seen clinically in May of 19§2, 
then aged twenty-nine, with complaints sugges- 
tive of cardiospasm. A routine fluoroscopic 
screening of the patient’s chest prior to an upper 
sastrointestinal series disclosed a generalized 
increase in density of the lungs. The cardiac 
silhouette was difficult to distinguish but no 
restriction of diaphragmatic motion was de- 
monstrable and the examination of the esopha- 
gus, stomach and duodenum was within normal 
limits. Conventional roentgenograms of the 
chest demonstrated multiple minute shadows of 
calcium density throughout both lungs. The 
apices were relatively clear permitting visual- 
ization of the individual granules. These were 
sharply defined and the surrounding pulmonary 
tissues appeared devoid of inflammatory re- 
sponse. All were less than 0.§ mm. in diameter. 
The cardiac outline appeared normal. 

Upon questioning, a history of mild exer- 
tional dyspnea was obtained. Recent ankle 
edema, cough, hemoptysis or chest pain were 
denied, but the patient was cognizant of easy 
fatigability. In 1945, while undergoing utero- 
salpingography, she had experienced sudden 
chest pain, hemoptysis and a low grade eleva- 
tion of temperature. These complaints sub- 
sided in approximately one week. They may 
have been due to a lipiodol embolus. Subse- 
quently she was aware of no subjective respira- 
tory abnormalities until the gradual develop- 
ment of the present symptoms in 1951. How- 
ever, approximately one month — following 
uterosalpingography, a pre-employment chest 
roentgenogram first demonstrated the pulmonic 
densities. These were repeatedly noticed else- 
where on routine survey films, but diagnostic 
studies were not undertaken until 19§2. 

No past medical illnesses were recalled other 
then measles and mumps during childhood. In 
1943 an appendectomy and right  salpingo- 
oophorectomy were performed for septic dis 


of fetal life could be obtained during labor. The fetus was disposed 
ot before the interested physicians could obtain roentgenograms. 

A serious complication ensued. Acute abdominal pain persist 
ing after delivery necessitated abdominal exploration, which 
revealed infarction of the small intestine from mid-jejunum to 
cecum. This was resected and the jejunum was anastomosed to 
a cuff of terminal ileum. In spite of the odds against her recovery 
she recuperated slowly, gained weight and left the hospital in 
good condition two weeks later. 

The infarction was due to herniation of the entire small in 
testine under an adhesion at the root of the mesentery, followed 
by volvulus at the root. 

Her seriously compromised lungs did not handicap her appreci- 
ably in her battle against misfortune. The idea of hormonal 
deficiency as a substrate in her prolonged period of infertility 
and possibly in her microlithiasis has been discarded. 
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ease and, in 1951, right nephropexy for low 
back pain and ‘“‘pelvic pressure.” These com- 
plaints subsided following surgery. The patient 
had lived in Tucson, Arizona, in 1945 and in 
Germany during 1950 and 1951. 

Review of the systems revealed no pertinent 
findings. The menses were normal. Approxi- 
mately 10 cigarettes were consumed daily and 
occasionally the patient drank small amounts of 
alcohol. 

The physical examination was noncontribu- 
tory save for slight hyper-resonance of the chest 
to percussion and distant heart sounds. Blood 
pressure was 110,78. 

The family history, as interpreted at that 
time and as noted above, did not appear signif- 
icant. One sister suffered from kidney disease 
and presumably died of coronary thrombosis at 
the age of thirty-nine (Case 8). A second sister, 
aged thirty (Case 9), suffered from an un- 
specified “allergy” and a third, aged forty-four, 
was living and well (Case 10). A thirty-four 
year old brother was in good health while a 
second brother was mentally retarded. Both 
brothers have negative chest roentgenograms. 

The laboratory examination of the peripheral 
blood showed a red cell count of 5,080,000 with 
a hemoglobin of 14.7 gm. White cells totaled 
7,250 with §8 per cent neutrophils, 39 per cent 
lymphocytes and 3 per cent basophils. The 
hematocrit was 48 per cent. Urinalysis was 
negative. 

Blood chemistry: Urea nitrogen, 13.6 mg.; 
blood sugar, 66 mg. (fasting); serum calcium, 
10.1 mg.; serum phosphorus, 3.1 mg.; serum 
phosphatase, 2.6 units (Bodansky); serum 
bilirubin, 0.4 mg.; protein bound iodine, 4.1 
gamma per cent; plasma proteins, 6.57 gm. 
(total), §.0o gm. (albumin), 1.50 gm. (globulin). 

Wassermann and Kahn serologic reactions 
were negative. Smears and cultures of the 
sputum were negative for acid-fast bacilli as 
were gastric washings. The sputum was scanty. 

Complement fixation titers for Histoplasma 
and Coccidioides were negative, for Blasto- 
myces, 125. The collodion agglutination test for 
histoplasmosis was also negative. 

On July 29, 1952, pulmonary function studies 
were performed by Dr. Hurley Motley. Vital 
capacity was 2,520 cc. (8O per cent of predicted 
normal). A vital capacity for three seconds 
from the beginning of expiration in the stand- 
ing position equaled 2,154 cc. (69 per cent of 
predicted normal). Maximal breathing capacity 
was increased to 78 liters per minute imme- 
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diately after one intermittent positive pressure 
breathing treatment with a_ bronchodilator 
drug indicating the presence of a slight degree 
of bronchospasm. Alveolar nitrogen after seven 
minutes of oxygen breathing equaled 1.9 per 
cent (the upper limits of normal 1.5 per cent) 
indicating the presence of a slight difficulty in 
the uniform distribution of air in the lung. 
Residual air volume was 1,415 cc., an increase 
of 29.8 per cent above the normal predicted 
value, representing 36 per cent of total lung 
volume and producing a slight to moderate 
degree of pulmonary emphysema. Ventilation 
factor equaled 64.6 per cent (normal IIo per 
cent or more). Arterial blood oxygen saturation 
was 97.1 per cent at rest and 96.4 per cent im- 
mediately after step-up exercise (both normal). 
Arterial blood CO. content was 41.7 volumes 
per cent at rest and 37.5 volumes per cent 1m- 
mediately after step-up exercise (normal). 
Resting arterial CO, pressure equaled 40 mm. 
Hg and arterial pressure 96 mm. Hg (both 
normal). The mean gradient of pressure for 
oxygen between the inspired air and alveolar 
air equaled 44 mm. Hg (normal so mm. Hg). 
The mean gradient of pressure for oxygen be- 
tween alveolar air and arterial blood equaled 7 
mm. Hg (normal). Plasma blood volume 
equaled 3,656 cc. (a decrease of 11 per cent 
from the normal predicted). Resting hematocrit 
equaled 38.7 per cent and step-up hematocrit 
equaled 38.7 per cent. The hemoglobin equaled 
13.1 gm., based on the oxygen capacity at rest. 
The physiologic dead space equaled 103 cc. 
(normal) and the percentage tidal air effective 
equaled 72 per cent (normal). Oxygen in the 
amount of 4.03 per cent was removed from 
inspired air at rest and §.10 per cent during 
step-up exercise (normal). Oxygen uptake at 
rest was normal and oxygen uptake during 
step-up exercise was 477 cc. min. m? BSA, 
(a very slight reduction from the normal pre- 
dicted value of 500 cc. or more). Duration of 
dyspnea was 57 seconds after 30 step-ups in 
one minute. 


Comment. The pulmonary function 
studies were interpreted as showing a mod- 
erate degree of functional impairment on 
the basis of the decrease in the timed vital 
capacity measurement, the slight increase 
in residual air volume and the slight in- 
crease in alveolar nitrogen after oxygen 
breathing for seven minutes. A slight to 


June, 1957 
moderate degree of pulmonary emphysema 
was also present as indicated by a residual 
of 36 per cent of the total lung volume. The 
findings were felt to be consistent with 
early fibrotic changes in the lungs. 


In view of the antecedent history of a lipiodol 
embolus and negative culture and sero-chem- 
ical studies, a tentative diagnosis of residual 
lipiodol droplets lodged within the pulmonary 
interstitial tissues was entertained. However, 
considerable doubt was cast upon this hypoth- 
esis by the work of Walther® who in 1939 had 
demonstrated that saponification and cellular 
absorption of lipiodol emboli readily occurred 
in the smaller arteries and capillaries of the 
lung. Circumstances prevented additional in- 
vestigative studies at that time. 

In November of 1953 the patient was re-ad- 
mitted for comparative pulmonary function 
studies, pulmonary biopsy and cardiac cathe- 
terization. There had been no significant change 
in symptoms since the preceding admission 
and the physical findings were unaltered. Lab- 
oratory examination of the blood and urine re- 
mained essentially normal. Circulation times, 
employing ether and decholin, were respec- 
tively § and 12 seconds and the venous pressure 
go mm. of water. Roentgenograms of the chest 
showed no significant interval change upon 
comparison with the preceding studies. 

Pulmonary function studies performed by 
Dr. John R. Griffith revealed the vital capacity 
(2,970 cc.) and the total capacity to be too per 
cent and g4 per cent of predicted value re- 
spectively. The residual volume was slightly 
increased (116 per cent of the predicted value). 
The ratio of the residual volume to the total 
capacity was slightly elevated, 32 per cent 
(predicted value 26 per cent). The index of 
intrapulmonary mixing was elevated, 2.95 
following the breathing of 100 per cent O. for 
seven minutes as compared with a normal value 
of less than 1.5 per cent. The spirogram re- 
vealed no evidence of obstruction; however, 
some air trapping was present. Maximum 
breathing capacity was within normal limits, 
85.1 liters per minute (97 per cent of the pre- 
dicted value). The resting arterial blood was 
slightly unsaturated with Os, 94.6 per cent (nor- 
mal 96 per cent). Following one minute stand- 
ard exercise the Oy saturation fell to 92.5 per 
cent. No CO, retention was noted. Analysis of 
oxygen transfer gradients with 21 per cent Oy» 
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and 16 per cent O, revealed no evidence of a 
diffusion problem. 

Cardiac catheterization performed by Dr. 
Robert Johnson demonstrated the oxygen con- 
tent of all vessels and chambers of the right side 
of the heart to be essentially the same. The 
arterial OQ. saturation was gl per cent, the 
systemic blood flow 4.46 liters per minute with 
a cardiac index of 2.8 liters, minute square 
meter. Pulmonary arteriolar resistance was 
found to be 1.6 (normal). No evidence of an 
intracardiac shunt was demonstrable and 
pressures 1n the pulmonary capillary bed, the 
pulmonary artery, the right ventricle, the right 
atrium and the superior vena cava were all 
within normal limits. Simultaneous  electro- 
cardiography was normal with no deviations 
from the preceding year’s tracing. 

At thoracotomy the pleural space was found 
to be free of adhesions and to contain a normal 
amount of fluid. However, the visceral layer 
was studded with numerous tiny eminences 
which originated in the underlying pulmonary 
tissue and imparted a “‘sandpaper-like’”’ ap- 
pearance to the pleural surtace. The lung was 
extremely firm in consistency and cut with 
difficulty, a “gritty” sensation being described 
by the operator, 

Microscopic examination of the hematoxylin 
and eosin stained sections of lung disclosed 
most alveoli to be occupied by oval, concentri- 
cally laminated masses of acidophilic acellular 
material (Fig. 17). This was isotropic and of 
homogeneous appearance except for occasional 
more deeply stained peripheral lamellae. Some 
lamellae, centrally and peripherally, were pale 
blue. Only one such structure was present in 
each alveolus involved and many alveoli were 
markedly expanded and completely filled by 
this material. Hemosiderin-laden macrophages 
were present in a few uninvolved alveolt. 
Septa were not thickened but these were 
slightly focally infiltrated by lymphocytes and 
plasma cells. Small vessels were not abnormal. 
Interstitial deposits of acidophilic substance 
were not identified. 

Fat stains on all material were negative. 


Comment. The elevated index of intra- 
pulmonary mixing was considered indica- 
tive of some difficulty in the distribution of 
air in the lungs, a conclusion which cor- 
related well with the microscopic demon- 
stration of reduced capacity of individual 
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alveoli by the centrally positioned calcific 
bodies. Although some progression of the 
process was denoted by the interval de- 
crease in oxygen saturation of the resting 
arterial blood, this was not obvious clini- 
cally and the total lung volume and maxi- 
mum breathing capacity had actually im- 
proved upon comparison with the 1952 
studies. The slight degree of pulmonary 
emphysema indicated by the elevation of 
the residual volume and the increase in the 
ratio of residual volume to total capacity 
was not yet reflected in the pulmonary 
circulation as manifested by the normal 
intracardiac and pulmonary artery pres- 
sures. 

Although the findings compiled during 
the second admission conclusively exclude 
lipiodol emboli as an etiologic factor, no 
conclusion was hazarded other than one of 
“intra-alveolar pulmonary calcification of 
unknown origin.” 


In April, 1955, the patient was re-hospital- 
ized for additional investigation. Again, the 
symptomatology and physical findings were 
essentially unchanged and blood chemistries 
were normal. Additional studies, including 
basal metabolic rate, urine 17 ketosteroids and 
bromosulphalein test of liver function were 
also normal. The decholin circulation time re- 
mained 12 seconds, the venous pressure 94 
mm. of water. 

A complete roentgen study of the skeleton 
showed an apparently normal calcium content 
throughout. No renal calculi were demonstrable. 
Although concurrent roentgenograms of the 
chest suggested progressive opacification of the 
lungs during the one and one-half year interval 
(Fig. 16), repetition of the pulmonary function 
studies showed little change upon comparison 
with those of November, 1953. 

Subsequent roentgenologic investigation of 
the patient’s family was made possible through 
the efforts of Dr. George Pillmore. Both sur- 
viving sisters were found to have similar pul- 
monary changes and an antemortem chest 
roentgenogram of the deceased sister was 
identical in all respects. 


Comment. The additional studies _per- 
formed during this admission afforded no 
further information as to the etiology of the 
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pulmonary calcifications. No appreciable 
progression of symptoms was evident de- 
spite roentgen demonstration of increased 
calcium deposition over a four year period. 
Analysis of the serial pulmonary function 
examinations indicates gradual interfer- 
ence with alveolar gas distribution by the 
microliths and consequent depletion of the 
oxygen saturation of the arterial blood. The 
consistently demonstrated pulmonary em- 
physema is undoubtedly compensatory in 
nature, a correlative which at first seems to 
mask and later accentuate the respiratory 
disability. No abnormalities of gas diffusion 
are apparent. 


CASE 


The medical information concerning Mrs. 
Mary W. is limited. She died peacefully in her 
sleep at the age of thirty-nine in the spring of 
1951. Her family physician reported that two 
or three hours before her death he had_per- 
formed a cystoscopic examination of her at his 
office. The family had called him soon thereafter 
because she could not be aroused from her sleep 
on the sofa in the living room of her home. He 
remembered that she had had considerable 
respiratory difficulty the last several times that 
he had seen her. Arriving at the home he found 
her dead. The family told him that after she had 
left his office she had complained of difficulty 
in breathing and dizziness and had decided to 
lie on the sofa. There she promptly went to 
sleep. They could not arouse her for dinner. 

The family physician recalled that she 
married a soldier during the war and that they 
were unhappy because she could not have a 
baby. He had told her that she was “‘all right” 
after establishing that her tubes were patent, 
and that her husband was “all right” too. She 
was overjoyed but three months later her 
husband was killed in France. She never re- 
married and after the war obtained employ- 
ment in the local toy factory as “floor girl” but 
she gave it up later because of difficulty in 
breathing. 

The family doctor had previously admitted 
her to a local hospital on July 2, 1950, with a 
diagnosis of left hydronephrosis which he had 
established by roentgenographic examination in 
his office following a retrograde study of the 
left side of the urinary tract. There was no 
evidence of urinary calculus. She gave a history 


M. C. Sosman, G. D. Dodd, W. D. Jones and G. U. Pillmore 


June, 


of ten years of pain in the left side of her back 
and of headaches, dizzy spells, puffiness under 
the left eye, and spots before her eyes. There 
was difficulty of breathing upon exertion. 

She had had the usual childhood diseases 
but no serious illness in the past. ‘Tonsils and 
adenoids had been removed at the age of 
twenty-nine. Menses were regular and lasted 
one to three days. 

The physical examination revealed a_ well 
nourished, well developed not acutely ill pa- 
tient lying comfortably in bed with a blood 
pressure of 110/80. The superficial systemic 
review was negative. 

Laboratory Data: Blood: Red cell count, 
4,720,000; hemoglobin, 12.4 gm.; color index, 
0.7; white cell count, 7,600; segm., 61 per cent; 
stabs, 3 per cent; juveniles, 4 per cent; eosino- 
phils, 6 per cent; lymphocytes, 26 per cent. 
Urine: Albumin, negative; sugar, negative; 
specific gravity, 1.012; few threads of mucus; 
leukocytes, 7-10 per high power field; erythro- 
cytes, 4-§ per high power field. 

At the hospital she did not have a chest 
roentgenogram taken. 

The surgeon operated on July 3, 1950 and 
through a left Mayo kidney incision approach 
found a left hydronephrosis caused by an 
anomalous vessel which was severed, and the 
usual routine was used in closure. Nothing 
unusual was found on the anesthetist’s chart. 
On July 5, she had a temperature of 101, pulse 
120, and respirations were 20. Thereafter she 
had an uneventful recovery and was discharged 
from the hospital on July 11, 1950. 

The photofluorogram (7o mm. chest survey 
film) was obtained through Dr. M. C. Stayer, 
director of the Department of Health, Bureau 
of Tuberculosis Control at Harrisburg, Penn- 
svlvania. The minifilm was dated May, 1951, 
and revealed unmistakable evidence of pul- 
monary microlithiasis. The process (Fig. 18) 
was less intense than in her sister, Mrs. C. 
(Case 7) although this patient was older, thirty- 
nine years, when she died. Details are hard to 
determine on the small film but a careful study 
using magnification showed the lower portions 
of the lungs so dense that the heart, diaphragm 
and costophrenic angles were completely ob- 
scured. This density gradually decreased to- 
ward the upper portions where the fine miliary 
lesions stood out sharply and distinctly, all of 
calcium density and with no coalescence or 
conglomeration. The vascular tree was faintly 
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visible around the hila. There were no cavities 
or emphysematous bullae and no evidence of 
other disease or abnormality. The bones, as 
far as seen, appeared quite normal. 


CASE g 


Mrs. Viola V., aged thirty, is the youngest of 
the four sisters. She came with her sister, Mrs. 
C., when the latter was recalled in 1955 for 
further examination. When invited to have her 
chest roentgenographed she protested that it 
was unnecessary as she was perfectly well, but 
the roentgenogram (Fig. 19) revealed a well 
developed case of microlithiasis. This patient 
had a record of five admissions to local hos- 
pitals without once having a roentgen exam- 
ination of her chest, so that there is no evidence 
as to how long her pulmonary condition had 
During this period covering 
ages eighteen to twenty-nine she had no history 
of any respiratory disease or symptoms, and at 
the present age of thirty has no difficulty in 
breathing even upon exertion. She is married, 
and in addition to her regular household duties 
also has a job as a full-time machinist in a mill 
working at steady hours. 

Her first admission to a local hospital at 
the age of eighteen was on January 27, 1944 
with a diagnosis of acute appendicitis. The next 
admission was at the age of twenty-one for 
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freeing of adhesions in the right iliac fossa. The 
third admission was on December 14, 1947 
at the age of twenty-two with a diagnosis of 
suspected pre-eclampsia symptoms. Her fourth 
admission was February 14, 1948 for delivery 
of a full-term baby boy who incidentally, now 
at the age of seven years, is without roentgen 
evidence of pulmonary microlithiasis. Her last 
and fitth admission to the hospital at the age of 
twenty-nine was on July 22, 19$4, with a diag- 
nosis of endometriosis, erosion of the cervix, old 
laceration of both labia majora, rectocele, and 
perineal lacerations of long standing. 

During the first admission on January 27, 
1944 the patient had a spinal anesthesia admin- 
istered (spinocain 1} cc.), and the operation 
lasted from 9:26 P.M. to 10100 P.M. as an “‘acute 
suppurative appendix” was removed. At the 
time of admission the temperature was 99.3° 
F., pulse 70, respiration 20. The white blood 
cell count was 12,000, red blood cell count 
4,130,000, hemoglobin 12 gm. (80 per cent), 
polymorphonuclears 88 per cent, and lympho- 
cytes 12 per cent. The urine was negative for 
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albumin, sugar, leukocytes, erythrocytes and 
casts. The specific gravity was not given. 
During her stay in the hospital until February 
3, 1944, her temperature ranged no higher than 
100°F. on the second day, and it subsided to 
normal on the eighth day. She was discharged 
as cured. 

The second admission to the hospital was 
August 1, 1946. The diagnosis was abdominal 
adhesions, the anesthesia used was ether, and 
the operation was performed the day following 
admission. The adhesions were found and sev- 
ered. The record shows a urinalysis negative 
for albumin and sugar, a reaction of pH 5s, 
specific gravity 1.028 and normal blood cell 
counts. The patient was discharged after an 
uneventful convalescence ten days later. 

At the time of the third admission to the 
hospital on December 14, 1947, the patient was 
seven months pregnant with suspected pre- 
eclampsia symptoms. She was discharged two 
days later with a diagnosis of “‘acute indigestion 
(dietary indiscretion).” On this admission she 
gave a history of chicken pox and measles, the 
two operations as described above and a tonsil- 
lectomy and an adenoidectomy in 1946. The 
family history was negative for tuberculosis, 
cardiac disease, respiratory diseases, malig- 
nancy and mental diseases. She had a negative 
Kahn and Kolmer test, Type A blood, and 
negative Rh factor. Her weight was 140 pounds. 
The systemic review was negative. The hemo- 
globin was 10.§ gm. (73 per cent), red blood cell 
count 4,220,000, white blood cell count 11,000, 
differential blood cell count normal. The uri- 
nalysis was again negative for albumin and 
sugar, specific gravity 1.008, pH acid. Her 
temperature was normal, pulse 70 to 80, respira- 
tion 20 and blood pressure 104/70. 

The fourth admission to the hospital on 
February 14, 1948 was at full term pregnancy. 
The menstrual history was recorded with the 
onset at the age of fifteen. Thereafter, she had 
menstruated regularly every 28 days for three 
day periods until pregnancy. Nothing was 
added to the personal or family history not 
already disclosed. Her weight upon admission 
was 150 pounds. Again, the systemic review 
was negative, and the urine and blood studies 
approximated those already described. The 
temperature, pulse, and respiration were nor- 
mal. The delivery was reported as normal on 
February 15, 1948 without forceps or episiot- 
omy, and the placenta was reported as normal. 
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She was discharged from the hospital on Keb- 
ruary 21, with a “normal baby boy.” 

The fifth and last recorded hospital admission 
on July 22, 1954 at the age of twenty-nine was 
made under a diagnosis listed above in the 
summary of admission to hospitals. She re- 
mained in the hospital thirteen days. During 
this period she was under general anesthesia for 
two hours for the following operative proce- 
dures: Dilation and curettage, cautery of the 
cervix, repair of both labia majora, posterior 
colporrhaphy, perineorrhaphy, and resection of 
rectovaginal mass. Her respirations remained at 
20 throughout the operation. Her temperature 
rose to 101° F. the day after the operation and 
her pulse rose to 110, but during her entire stay 
in the hospital her respiration remained at a 
peaceful 20. Several blood pressure recordings 
were made during her stay in the hospital with 
the highest at 120/98 and the lowest 108 8o. 
The anesthetist had made a note that post- 
operatively the nurse should watch for hypo- 
tension. Blood and urine studies followed the 
patterns previously reviewed. Other recorded 
data, in addition to findings already listed, 
were hematocrit 43 per cent, urea 13.6 mg., 
glucose 114 mg. No other blood chemical anal- 
ysis was made. Under “family history” was 
listed ‘fa child, husband, and both parents liv- 
ing and well with no history of chronic disease 
in the family.” Once again there was a negative 
systemic review previous to her operation. A 
roentgen examination of her chest had not been 
made, but she had had an intravenous uro- 
graphic study and a barium enema examination 
of her colon, both of which proved to be nega- 
tive. There were no abnormal abdominal cal- 
cifications. She was discharged from the hos- 
pital on August 4, 1954. 

The roentgenograms of her chest (Fig. 19) 
dated June 17, 1955 revealed a normally de- 
veloped thorax, heart and lungs, with the dia- 
phragm normal in shape and in the position of 
deep inspiration. Both lower lobes, particularly 
the medial portions, were cloudy, due to a dif- 
me fuse fine granular stippling which was uniform 
oe from apex to base on both sides but less dense 
ces in the upper lung fields. A magnifying glass 
reading revealed innumerable distinct sharply- 
outlined particles of calcium which caused the 
cloudy appearance and which, with magnifica- 
tion, resembled a snowstorm. There was no 
evidence of any other disease. The bones all 
appeared normal in calcium content and an- 
atomic detail. 


The lateral roentgenogram brought out a 
dense triangular homogeneous deposit of cal- 
cium in the right costophrenic area anteriorly, 
obviously either in or just under the pleura, 
with a similar but less marked deposit along 
the minor interlobar fissure. 


CASE 10 

This is the case of Mrs. DeS., aged forty- 
five. Through the cooperation of Dr. Walter L, 
Stilson, College of Medical Evangelists, Los 
Angeles, California, we were able to obtain a 
good history, a record of the physical examina- 
tion, and roentgenograms of this sister’s chest 
and also those of her 4 children. The latter were 
all within normal limits. The roentgenogram of 
Mrs. DeS., however, demonstrated the classic 
appearance of microlithiasis (Fig. 20). 

This patient is the eldest of the four sisters, 
born in Italy, June moved to the 
United States when she was ten, lived in 
Pennsylvania for twelve years, in New Jersey 
for the next sixteen years, then moved to 
California where she has lived for the past 
eight years. 

She was married twenty-seven vears ago. 
Her husband, fifty-three years old, suffers from 
hypertension. She has had 4 children, a female 
twenty-four and three males, thirty-two, seven- 
teen, and twelve. She has had no miscarriages. 
Her personal habits are normal. She works in a 
grocery store and is on her feet most of the day. 
She drinks about 6-8 ounces of wine a day and 
smokes about half a package of cigarettes 
daily. Three vears before her marriage she 
worked in a silk mill in Pennsylvania. She had 
a pelvic operation and repair of an umbilical 
hernia in 19§2. Her family history is as noted 
in Case 7. 

This patient has no present complaints and 
was seen only because her sisters are known to 
have pulmonary alveolar microlithiasis. She 
complains of no dyspnea either at rest or on 
exertion; has no chest pain, no wheezing, no 
palpitation and no cough. Menarche was at the 
age of fourteen. 

Physical examination revealed a moderately 
obese white female, height 5 ft., 6 inches, 
weight 170 pounds, blood pressure 120 70, 
temperature 98.6°F. There was marked club- 
bing of the fingers with double curvature of the 
nails. 

Chest examination revealed pendulous mod- 
erately atrophic breasts with no masses. The 
heart was not enlarged to percussion or on 
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roentgenographic study. The lungs showed 
dullness at the bases. Vocal fremitus was nor- 
mal. Respiratory movements were symmetrical. 
Fine dry rales, most marked at the peak of in- 
spiration, were present bilaterally in both 
bases posteriorly and anteriorly to the mid- 
lung fields. The rest of the physical examination 
was noncontributory. 

Her roentgenogram dated July 12, 1955 
(Fig. 20) revealed the heart shadow to be al- 
most completely obscured and the entire lung 
fields filled with miliary particles of calcific 
density extending from the apices to the bases. 
The diaphragm leaves were completely ob- 
scured and there was minimal pleural reaction 
at the bases, more marked on the right side. 
Changes at the bases showed somewhat in- 
creased size of the nodulation with some of the 
nodules measuring up to 1 cm. in diameter. 
There was a dense ring of calcium apparently 
deposited on the aortic arch, with other coales- 
cent deposits in or just under the basal pleura 
and the interlobar pleura. The bony structures 
visualized were within normal limits and the 
thorax showed a normal development. 


CASE I1* 


Elijah A. is a colored male aged thirty-one. 
(The roentgenograms, history, and histologic 
slide of the pulmonary biopsy were all sent to us 
by Dr. Paul Bishop, Pennsylvania Hospital, 
Philadelphia, Pennsylvania, with permission 
to include the details in our report.) 

This colored laborer was admitted to the 
Pennsylvania Hospital in October, 1955 follow- 
ing a sudden onset of right abdominal pain, 
vomiting, weakness and anorexia. Chest exam- 
ination gave no positive findings other than 
scattered rales. The patient was febrile. Chest 
roentgenograms revealed a remarkable bilateral 
diffuse, apparently confluent, clouding of the 
lungs of unknown character. 

He gave a history of working in a_brick- 
moulding factory for eighteen months begin- 
ning in 1940, inhaling the dust for six or seven 
days a week. He had been refused for Army 
Service in 1943 because of abnormal chest 
roentgenograms. There were several episodes 
of pneumonitis responding quickly to penicillin 
during 1947, 1950 and 1952. He had been fol- 
lowed since 19§2 by the Philadelphia Tuber- 
culosis Center being considered as having mod- 
erately active bilateral pulmonary tuberculosis. 


lhis case will probably be reported in detail by other authors 
in the dmerican Review of Tuberculosis 


Pulmonary Alveolar Microlithiasis 977 


Three months before admission he had been 
fluoroscoped at Temple University Hospital 
with an alleged result of negative upper gastro- 
intestinal studies. 

A review of all other anatomic systems gave 
negative results. There was no family history 
of tuberculosis. Physical findings in repeated 
examinations of the heart and lungs were con- 
sistently negative. He admitted no respiratory 
embarrassment except slight exertional dysp- 
nea after climbing one or two flights of stairs. 

He is presently employed in the stockroom 
of a large drug company and is working regu- 
larly without disability. 

Chest roentgenograms were obtained of his 
mother, a cousin and 3 of his children (all 3 
under nine years of age) which were all within 
normal ranges. 

The diagnosis of pulmonary alveolar micro- 
lithiasis was confirmed by pulmonary biopsy 
(Fig. 22). The roentgenograms of his chest, 
dated October 19, 1955 (overexposed Bucky 
roentgenogram reproduced in Figure 21), re- 
vealed a perfect snowstorn pattern, with in- 
numerable lesions, both fine and coarse, scat- 
tered uniformly throughout all lobes of both 
lungs. The lesions were all of calcific density. 
They were more numerous at the bases medi- 
ally, less numerous in the apices and in the 
extreme costophrenic angles laterally. Some 
of the coarser lesions suggested a coalescence of 
many smaller ones. There were coarse dense 
lines of calcitum deposits on the dome of each 
leaf of the diaphragm and along the minor inter- 
lobar pleura on the right. Finer lines of calcium 
outlined the pleural surfaces along the chest 
walls laterally and in the apices. There were 
emphysematous blebs in the apices. The heart 
was fairly well outlined and appeared normal 
in size and contour. The diaphragm was _nor- 
mal in position and contour. The pulmonary 
arteries could not be identified with certainty. 
There were no hilar or mediastinal masses. All 
of the visualized bones appeared normal in de- 
tail and calcium content. The trachea was 
normal. 

Roentgenograms of the abdomen were made 
at our request and revealed no evidence of 
urinary calculi or abnormal calcium deposit. 

The pulmonary biopsy revealed the classical 
laminated translucent concretions filling most 
of the alveoli, with a good deal of fibrosis and 
cellular infiltration of the interstitial tissue. 
There were multinucleated giant cells close to 
some of the calculi, and in places actual bony 
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lamellae could be seen. The over-all appear- 
ance was considered typical of pulmonary al- 
veolar microlithiasis, but with more tissue re- 
action than in many of the other cases. 


CASE 12 

Cyril P. is the brother of the patient re- 
ported as Case 2. His roentgenograms and per- 
sonal history were sent to us by Dr. Perry 
Macgregor Knox of Moncton, New Brunswick, 
with permission to include them in this report. 

This young man of English descent, aged 
nineteen in 1944, was also found by roentgen 
examination to have a diffuse pulmonary con- 
dition when he volunteered for service with the 
Canadian Armed Forces. In spite of the fact 
that he was apparently well and healthy as 
evidenced by physical examination, he was re- 
jected. Since then he has been working regu- 
larly and has had no pulmonary disability. 

His chest roentgenogram, dated October 27, 
1944 (Fig. 23), revealed a diffuse mottling 
throughout both lungs, definitely coarser and 
less sand-like in appearance than that of his 
older brother (Case 2). Such an appearance 
could be due to any of the usual miliary dis- 
eases or to sarcoidosis or berylliosis, except 
that fine grains of calcific density were seen 
scattered among the larger nodules. These 
nodules averaged I to 3 mm. in size and seemed 
to alternate with surrounding or intervening 
clear areas resulting in the appearance of a 
coarse sponge, which usually means fibrosis 
and lobular emphysema. There were small but 
definite emphysematous blebs in each apex. 
Unfortunately, the roentgenogram was made 
with “soft” (low voltage) technique and a 
comparatively broad-focus tube so that details 
were unclear and the accurate estimation of the 
amount and distribution of calcific deposits was 
impossible. We awaited with eagerness a re- 
examination with overexposed Bucky roent- 
genogram for comparison. The cardiac outline 
was fairly well seen and appeared normal in 
size and contour. The diaphragm leaves were 
normal in position and contour. There seemed 
to be a fine line of calcium deposited on the 
medial half of each diaphragm leaf, probably 
in the pleura or subpleural tissue. The hilar 
vessels were indistinct but did not appear en- 
larged or engorged, and there was no evidence 
of hilar or mediastinal lymph adenopathy. The 
upper mediastinal borders were indistinct and 
the aortic knob was obscured. The trachea ap- 
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peared normal. The clavicles and ribs appeared 
normal in density and in anatomic detail. 


Comment. We could not from this single 
chest roentgenogram be certain that this 
patient had the same disease, microlithiasis, 
as his brother, but it seemed highly prob- 
able. All of the roentgenograms of the 
other patients appeared quite characteris- 
tic, even pathognomonic, but this one was 
in the “suspect” or “doubtful” class until 
further chest roentgenograms were received 
from Dr. E. Grenier, of Gaspé, Quebec. 
These roentgenograms, dated December 2, 
19s§ (Fig. 24) leave no doubt as to the 
diagnosis. They are technically of good 
quality with enough penetration to bring 
out the typical fine sand-like spots of 
calcific density practically overwhelming 
both lungs. There are still numerous larger 
nodules and some of the sponge-like ap- 
pearance, but no other changes. Because 
of the marked difference in_ technical 
quality, it is impossible to say whether the 
condition has worsened in the eleven year 
interval. In general, the amount, character, 
and distribution of the densities appear to 
be about the same as at the previous ex- 
amination eleven years earlier. There has 
certainly been no improvement or lessening 
of the involvement, but on the other hand 
there has been no definite worsening. The 
patient remains free of symptoms and 
continues his regular work. 


CASE 13 


The paper-mounted thin section of one lung 
illustrated in Figure 25 was sent to us by Dr. 
J. Gough, Cardiff, Wales, his case number 
§2, along with a similar section of Sharp 
and Danino’s patient noted above and _illus- 
trated in Figures 14 and 15. We took roent- 
genograms of both specimens and this one is 
illustrated in Figure 265. 

Many of the little grains of the sand-like 
material have fallen out of the lower part of the 
section during the process of mounting, but 
they are present to an innumerable degree in 
the upper lobe. Several of these particles have 
been removed under a dissecting microscope 
and have been studied for their crystal struc- 
ture and their chemical composition. 
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This young woman of twenty-eight years 
suffered from shortness of breath for eighteen 
months before her death. Her past history re- 
vealed diphtheria as a child, pneumonia at the 
age of two and a second attack of pneumonia 
later, age not definite. 

She was admitted to the hospital at the age 
of twenty-six because of shortness of breath. 
There was a questionable history of pneumonia 
six weeks earlier. She had obvious cardiac fail- 
ure and was also thought to have pulmonary 
hemosiderosis. Re-admitted in March, 1952, 
with congestive heart failure, she died four 
days later. The cause of her death was con- 
sidered to be cor pulmonale. 

Autopsy revealed microlithiasis alveolaris 
pulmonum, which was considered to be the 
cause of her cor pulmonale. 

The roentgenogram of a thin paper-mounted 
section of the lung (Fig. 25) showed numerous 
very small discrete dense particles scattered 
uniformly and diffusely through the upper lobe. 
The appearance was identical with that noted 
in a similar lung section as shown in Figures 
14 and IS. 

When the film was studied through a hand 
lens or reading glass, one saw the individual 
small particles more clearly. They were round 
or oval for the mest part, sharply outlined and 
distinct from each other with no evidence of 
coalescence into larger nodules or masses. No 
dense conglomerate areas could be seen. The 
pleural surfaces were sharp and distinct, with 
increased numbers of the calcium granules in 
the subpleural zone. The major interlobar fis- 
sure was clear and distinct. The irregular 
branching clear areas in the upper lobe were 
due to empty vascular spaces, particularly 
large pulmonary veins. 


CASE 14 

This unmarried Spanish female, T.A., aged 
forty-six and sister of Case 3, had the usual 
childhood diseases, also typhoid fever in IO3l, 
and acute appendicitis in 1952. She is subject 
to frequent attacks of migraine headaches. 

Physical examination was completely nor- 
mal, revealing the patient to be in excellent 
condition. 

Laboratory Data: Urine: Specific gravity 
1.010; pH ¢.5; no sugar or albumin; urate 
crystals 2+ in sediment. Blood: Cholesterol 
ISO mg. per cent; nonprotein nitrogen 28.6 mg. 
per Cents red cell count $300,000 5 Hb. 14.§ 


gm. (100 per cent); hematocrit 50 per cent; 
white cell count and differential normal; 
fasting sugar g0 mg. per cent; Ca 4.8 mg. per 
cent (normal—y4.2-$.1); sedimentation rate 30 
mm. in one hour. 

Roentgenograms of her abdomen revealed 
no evidence of urinary calculi or other abnormal 
calcification. 

Three other sisters and 1 brother have not 
yet been examined. One of them is said to have 
hypertension but the others seem to be in good 
health. 

The roentgenogram of this patient’s chest 
(Fig. 26) revealed a very diffuse and finely mot- 
tled density throughout both lungs from apices 
to bases, most marked in the lower medial 
portion of each lung. The density in these areas 
was so great that the cardiac outlines and dia- 
phragm were completely obscured. Dense cal- 
cified lungs appearing almost solid could be 
seen through the upper abdominal shadow, 
with a clear dark zone 2 cm. in diameter in the 
midline indicating the mediastinal space free 
of calcium. The normal vascular tree in the 
lungs was completely obscured. The aortic 
knob was indistinct. Both upper lobes showed 
a fine reticulated pattern between the individ- 
ual calcific granules. The bones retained their 
normal density and normal anatomic detail. 
The appearance was considered to be charac- 
teristic of an advanced stage of pulmonary 
alveolar microlithiasis. 


CASE 1§ 


The patient, Mrs. Elsie W., is a married 
woman, aged fifty-two, who has a certain an- 
tagonism toward doctors because one of them 
diagnosed her as having pulmonary tubercu- 
losis in the early 1940’s and put her to bed. The 
diagnosis was based upon roentgenographic 
evidence, but the 1942 films cannot be found. 
The present diagnosis originated from a chest 
survey film with follow-up made in Dr. Water- 
man’s office. 

Mrs. W. had been working actively as a 
secretary and had little or no disability. Pul- 
monary function studies revealed definite re- 
duction in vital capacity (§§ per cent of esti- 
mated normal) and maximum breathing capac- 
ity (60 per cent of estimated normal) but her 
walking index was only off by 12 per cent, and 
she showed relatively little dyspnea on climbing 
one flight of stairs. Her laboratory studies re- 
vealed normal values for blood: white blood 


/ 
> 
2 
= 
: 
= 
| 
> 
y 4 
> 
> 
> if 
| 
r 
iz 
: 
| 
> 
1 
ic 
| 
| 
4 


g8o 


cell count 8,900; neutrophils 56 per cent; 
lymphocytes 43 per cent; monocytes I per 
cent; hematocrit 38 per cent; Hb. 78; red cell 
count 4,290,000. The urine on two separate 
examinations showed a trace of albumin, no 
sugar, specific gravity 1.025, a few epithelial 
and pus cells and a few granular casts. 

Pulmonary biopsy was performed on May 
11, 1956 from the anterior-inferior edge of the 
right middle lobe. The entire lung on the right 
side, as far as it could be inspected and pal- 
pated through the small incision, was uniformly 
involved and was firm and gritty to palpation. 
There were no adhesions and the interlobar 
fissures were free. The parietal pleura was 
normal and the visceral pleura also appeared 
normal. 

The biopsy (Fig. 28) confirmed the diagnosis 
of pulmonary alveolar microlithiasis. Dr. Gus- 
tave Dammin’s report was: “‘Gross Descrip- 
tion: Specimen consists of a pre-fixed piece of 
lung which is prismatic in shape and is 1.5 K2X 
0.75 in greatest dimension. Two pleural sur- 
faces are present and both appear unremark- 
able. The lung parenchyma itself is light tan in 
color and relatively airless in consistency. 
Numerous extremely small refractile bodies are 
scattered through the parenchyma. The paren- 
chyma cuts with a definitely gritty sensation. 
Microscopic Examination: (3H and F, 2 Elastic 
Tissue, 2 von Kossa). Each alveolar space con- 
tains a concentrically laminated, dense round 
body which almost completely fills it. In the 
partially decalcified specimen, many of these 
bodies still retain considerable amounts of 
basophilia characteristic of calcification. The 
alveolar walls are not remarkable except for 
some fragmentation of their elastic fibers seen 
on special stains. The blood vessels and bronchi 
are not remarkable. No cellular infiltration or 
exudation is present. Diagnosis: 360-923 Lung 
—microlithiasis.” 

The roentgenogram (Fig. 27) demonstrated 
lungs so dense and so heavily calcified that 
very little of the normal lung structure could 
be identified. The lower half of each lung seemed 
to be completely solid and airless. The cardiac 
outline and the diaphragm could not be identi- 
fied. The upper lobes evidently contained some 
air, but the calcium deposits were so heavy 
that the lungs seemed to be completely rigid, 
practically petrified. There was a clear space on 
each side, above the calcified apex of the lung 
and below the upper ribs, not a pneumothorax, 
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but probably filled by fat or other soft tissue. 
A clear calcium-free mediastinal zone, about 
2 cm. in width, could be seen up to the level of 
the carina. The ribs, spine and shoulder girdles 
appeared normal in density and_ structure, 
with no deformities. The upper abdomen was 
included on the overpenetrated chest roent- 
genogram and no renal calculi were visible.* 


Comment. These are the most densely 
involved lungs in our series of cases, all the 
more remarkable by contrast with the 
paucity of symptoms. 


CASE 16 


This young man, A.C.M.R., aged thirty-five 
in 19§6, was first found to have an unusual 
pulmonary condition in 1942 in London, Eng- 
land. This was demonstrated on a 35 mm. 
photofluorogram and confirmed by large films 
on October 3, 1942. The condition was reported 
as “bronchiolitis obliterans.” Subsequent roent- 
genograms were taken at the Brompton Chest 
Hospital in 1950 and in Tooting in IgSl, both 
said to show no change as compared with the 
1942 roetgenogram. The recent (1955) redis- 
covery of the pulmonary condition was through 
another routine chest roentgenogram taken as 
part of an examination for life insurance. The 
patient in 1942 had no history of any pulmonary 
disease or disability, and after five weeks of ob- 
servation and tests was returned to full duty 
with the British Air Force. He spent three 


* Subsequent chest roentgenograms taken on deep inspiration 
and forced expiration demonstrated conclusively that each lung 
can and does expand both transversely and longitudinally. By 
careful measurement the calcified lungs increased in length 1.2 
cm. on the right and o.g cm. on the left. Simultaneously each 
lung increased 1.2 cm. in width at the junction of middle and 
lower thirds on each side, where the concentration of calcium 
particles appeared greatest. In addition, careful comparison of the 
two roentgenograms revealed an appreciable difference in the 
air content in both upper and lower lobes, with more radiability 
of the lower lobes, particularly, on inspiration, while they ap- 
peared practically airless on expiration. Furthermore, Bucky 
roentgenograms now reveal calcified lymph nodes just below the 
carina forming a small mass 1.52.5 cm. in size. This is the only 
case in our series where we have been able to identify calcium 
deposits in lymph nodes. 

If these minute calculi should by chance lose their covering of 
alveolar wall and septa and should rub together on breathing, 
some alert physician might then hear a peculiar sound which, 
when once recognized and described, might be one of the two 
possible methods of diagnosisng this extraordinary disease aside 
from roentgen examination. However, it would be confusing 
rather than helpful to call this theoretical sound “respiratory 
calculation.” 

The other possible method would be to find and identify the 
microliths in the patients’ sputum as Lindig’ has suggested. They 
probably raise such calculi from time to time, but only 1 patient 
so far is recorded as having mentioned it. 
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vears with the Air Force in the Middle East, 
and came to Canada in 1951. 

His family history revealed that his father 
died at the age of forty-two from “pleurisy and 
congestion.”” He was sick about four months 
before he died. No chest roentgenograms were 
taken. His mother is alive and well. There was 
some question about her chest roentgenograms 
at the time of her entry into Canada, but she 
was subsequently admitted. These chest films 
were reviewed by Dr. Sieniewicz and no evi- 
dence of microlithiasis was found. One brother 
died at five years of age of meningitis. 

The patient has no symptoms at present and 
physical examination was completely negative. 
He was physically in good condition, had no 
dyspnea or cyanosis, and had observed no dif- 
ference in his exercise tolerance. He plays bad- 
mington twice a week with no difficulty. There 
was no clubbing of the fingers. Inspection, 
palpation, percussion and auscultation of the 
chest were all within normal limits. 

Attempts were made to obtain pulmonary 
function studies and laboratory tests but the 
patient did not accept the suggestion. 

A letter from Dr. Clifford Hoyle of London, 
who saw this patient in 1950, adds the informa- 
tion that the original 1942 roentgenograms 
were “thin and of poor quality,” but that they 
showed very fine mottling of both lungs with- 
out hilar lymph node enlargement or cardiac 
enlargement. His more recent chest films were 
destroyed in the disastrous fire of 1950. Dr. 
Hoyle adds that he could see no definite change 
in the pulmonary involvement between 1942 
and 1950. Roentgenograms of his hands and 
knees in 1950 were considered to be normal. He 
gave no history of occupational exposure nor of 
any use of oily sprays or nasal drops. His physi- 
cal examination was completely normal, a blood 
cell count was normal, but his Mantoux test 
was positive at 1 T’.U. He remained under inter- 
mittent observation until December, 1951, 
when he left for Canada. No pulmonary func- 
tion tests were made. 

His chest roentgenograms dated October Ig, 
19§5 (Fig. 29) revealed the strikingly diffuse 
fine mottling of calcific density quite similar in 
distribution and in detail to the preceding 
cases. Overexposed Bucky roentgenograms 
brought out the contrast between soft tissues 
and the opaque calcific deposits, but they mag- 
nified and distorted the individual lesions. 
Exposures were made in inspiration and expira- 
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tion which demonstrated considerable change 
in the size and shape of the lungs indicating 
good elasticity. The density in the lungs ob- 
scured the outlines of the heart and the dia- 
phragm on the non-Bucky roentgenograms. 
The bones of the thorax were normal in calcium 
content and structural detail. 


Comment. This healthy young man has 
had this rare pulmonary condition for at 
least fourteen years and yet suffers no dis- 
ability from it. 


CASE I7 

Arthur M. was a thirty-nine year old Ar- 
menian tailor who came to the Massachusetts 
General Hospital Out Patient Department in 
April, 1931, complaining of cough of two years’ 
duration, gradual in onset. He had no chest 
pain or hemoptysis. The cough produced one 
to two teaspoonfulls of white sputum and was 
worse at night. There were occasional night 
sweats. During the past winter he had lost 10 
pounds in weight, had dyspnea on exertion and 
fatigued easily. Six years ago his attention was 
called to a change in his finger tips. 

On physical examination his breathing 
seemed to be chiefly diaphragmatic. The right 
supraclavicular fossa appeared retracted. There 
was increased resonance anteriorly, diminished 
posteriorly, over both apices. Coarse dry rales 
were heard throughout both lungs posteriorly 
and over the right anterior chest. 

Laboratory Data: Sputum was negative for 
tubercle bacilli on three separate days: cultures 
for fungi and yeasts produced no pathogenic 
organisms. Clinical laboratory tests revealed: 
nonprotein nitrogen 36 mg. per cent; serum 
calctum 11.6 mg. per cent; phosphorus 4.1 
mg. per cent; CO. combining power 64.2 vol. 
per cent; Os capacity 22.52; vital capacity 
2.25-2.50 |.; basal metabolic rate +7; repeat 
serum calcium 11.7 mg. per cent; phosphorus 
3.78 mg. per cent. Tuberculin test was per- 
formed but not recorded. 

Roentgen examinations were reported by 
Dr. George W. Holmes as follows: 

“April 13, 1931: Chest—no normal lung 
field visible on either side of chest. At extreme 
apex on right there is a large rounded bright 
area with dense margin which probably repre- 
sents cavity. Trachea drawn to this side. 
Throughout both lung fields there is fine, mot- 
tled density. Shadows are about the density of 
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bone and increase somewhat toward the bases, 
obliterating outlines of borders of heart and 
of diaphragm. Appearance suggests extreme 
calcification of both lungs.” 

“April 23, 1931: Appearance of lungs sug- 
gests emphysema and calcification throughout 
both lungs with cavity in apex. There is prob- 


ably tuberculosis present but greater part of 


picture is due to calcinosis.” 

“May 19, 1931: The skull and long bones are 
negative. Abdomen: The upper portion of the 
urinary tract is obscured by the dense shadows 
in the lung fields. There are no shadows sug- 
gesting stones.” 

On May 29, 1931 the patient and his roent- 
genograms were presented at Grand Rounds. 
The conclusions were that his condition was 
due to a peculiar type of pulmonary tuberculosis 
and that sanatorium care was justified. This 

was refused by the patient. 

A follow-up in 1956 revealed that this pa- 
tient, apparently frightened by the diagnosis 
of pulmonary tuberculosis, left Boston for his 
original home in Egypt on June 24, 1931 and 
has not been heard from since. 

Reviewing his chest roentgenogram (Fig. 30) 
in the light of our present knowledge, we see 
the characteristic appearance of a well ad- 
vanced case of pulmonary microlithiasis. The 
“bright area” in the right apex which suggested 
a cavity is, in all probability, an emphysema- 
tous bleb similar to those seen in Case 1 roent- 
genographically (Fig. 3) and confirmed at 
autopsy. We seriously doubt if he ever had 
pulmonary tuberculosis. The cryptic note about 
the change in his finger tips probably indicates 
clubbed fingers, which in turn could indicate a 
fairly marked degree of pulmonary insuffi- 
ciency. The pulmonary involvement, as judged 
by his roentgenogram, is also fairly marked, 
with airlessness in some areas, complete ob- 
scuration of the heart shadow and diaphragm, 
and emphysematous blebs in both apices, but 
still much less massive than in Case 15, which 
was still asymptomatic. 


CASE I8 


All clinical records of this patient have been 
lost or destroyed and the history is largely re- 
constructed from memory. 

tall, thin, female school 


teacher about 


forty-five years old was referred for chest roent- 
genograms on March 28, 
spiratory distress interpreted as asthma. 


1932 because of re- 
The 
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chest roentgenograms unusual that 
they were shown to most of the leading roent- 
genologists of the Philadelphia area, but no 
one was able or willing to make a diagnosis. 
It was agreed by all that the fine diffuse mot- 
tling of both lungs was of calcium density, but 
no one knew what it was, nor could anyone 
remember having seen a similar case. Copies 
of the roentgenograms were made and_ the 
originals were sent to the British Institute of 
Radiology in London for deposit in their film 
museum of unusual cases. Nothing was heard 
from the Institute regarding the films or a 
possible diagnosis. 

No biopsy was performed. The patient was 
lost to follow-up and nothing has been heard 
of her since 1932 

The roentgenograms (two posteroanterior 
and one lateral films) present the classic ap- 
pearance of pulmonary alveolar microlithiasis, 
now that we know what that is (Fig. 31). The 
fine granular mottling is uniformly distributed 
throughout both lungs from apex to base, of 
calcific density, most marked in the right base 
where the heart border and diaphragm are 
almost obscured. There is a suggestion of in- 
creased density along the branches of the pul- 
monary vascular tree. No consolidation, cavi- 
tation, atelectasis or emphysema can be seen. 
Using a hand lens over the apical areas, the 
individual fine calcific granules can be detected. 
The diaphragm is low but of normal curva- 


were so 


ture. The heart is enlarged downward and to 
the left. The aortic knob ts indistinct. The 
spine shows a slight double scoliosis, but the 


bones all appear normal in density and struc- 
ture. 

Several men, learning of her occupation as 
school teacher and the daily use of chalk for 
twenty years, suggested that inhaled dust from 
chalk might be the answer. 


CASE Ig 


J.O. is a single female of Mexican parentage 
aged twenty-six. She was first seen 
1953, with a complaint of cough and pain in 
both shoulders. Examination at that time re- 
vealed a normal appearing young 
weighing 99 pounds, with a temperature of 99° 
KF. and a pulse rate of 96. Her sedimentation 
rate was 37 mm. in 1 hour. Her sputum was 
negative for acid-fast bacilli. Roentgenograms 
of her chest were said to reveal bilateral pul- 
monary calcification. Admission to the Texas 
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State Tuberculosis Sanatorium was applied for 
and in the meantime the patient was placed 
on bed rest and symptomatic therapy. By 
August, 1953 (2 months) she had gained 8 
pounds. 

Before hospital admission could be obtained, 
the patient joined a cotton-picking expedition 
to Arizona, but because of weakness, cough, 
and shortness of breath, she consulted a physi- 
cian (Dr. FE. W. W.) of Eloy, Arizona. A diag- 
nosis of miliary tuberculosis was made, pre- 
sumably from the roentgenographic appearance 
alone, and the patient was placed on strepto- 
mycin injections twice a week (dosage not 
mentioned) and so continued from October 10, 
1953 to January 6, 1954. 

On February 1, 1954 the patient returned to 
Taft, Texas, again under the care of her orig- 
inal physician who continued the streptomycin 
therapy and added isoniazid, 100 mg. twice 
each day. On March 22, 1954 she was admitted 
to the Kast Texas Tuberculosis Hospital, Tyler, 
Texas, where she remained until November 10, 
1954 (7 months, 19 days). Physical examina- 
tion revealed a temperature of 99° F., weight 
110 pounds, blood pressure of 120/90 and im- 
paired percussion in both bases with reduction 
of auditory phenomena. No rales were heard. 
Routine laboratory data were essentially nor- 
mal. Repeated sputum concentrates as well as 
gastric and bronchial washings were negative 
for acid fast bacilli. Roentgenograms of the 
chest “revealed stringy disease bilaterally 
which appeared to follow a definite lymph- 
hematogenous pattern. The transverse fissure 
was thickened and visualized. The mediastinal 
silhouette as well as the hemidiaphragm were 
obscured by a homogenic calcific density.” 

A purified protein derivative (PPD) test 
was positive. The patient was continued on 
antibiotic therapy. Cultures for fungi were 
negative. Bronchoscopy (April i 3, 1954) proved 
a normal tracheobronchial tree and two col- 
lected specimens were negative for fungi and 
tubercle bacilli. Skin tests with coccidioidin 
and histoplasmin were positive (degree not 
stated). Exploratory thoracotomy (September 
25, 1954) by Dr. Howard Barkley revealed the 
lung field tree of adhesions except for a fairly 
long fibrinous band over the upper pole. The 
apex of the left lung was gritty and granular 
with thickened and rather edematous lung 
tissue. There was no pleural fluid. The lingula 
was clamped and a good-sized piece of lung 
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tissue was removed. On section the lung tissue 
was gritty. The heart appeared normal during 
exploration. 

Studies of the biopsy material by Dr. Mul- 
lowney revealed “circular, somewhat granular 
bodies of varying size, many of which have a 
laminated appearance. I have never seen this 
type of pulmonary lesion before and can find 
nothing comparable to it in text-books.. .” 
She was discharged with a diagnosis of ‘‘me- 
tastatic calcinosis.” 

The patient then spent two months in Ari- 
zona and returned to Taft, Texas, where she 
has resided to date, coming to Corpus Christi, 
Texas for study on January 14, 1956. 

The past history except as stated in the pres- 
ent illness was entirely negative. The family 
history revealed a mother, a father, 2 brothers, 
and 4 sisters to be living and well; all with 
negative chest roentgenographic studies. One 
brother died at six months of age from an un- 
known cause. The patient was single, having 
regular normal menstrual periods without inter- 
menstrual discharge. 

Physical Findings: Weight 106 pounds; 
height 61 inches; temperature 99° F; pulse 82 
per minute; respiration 20 per minute; blood 
pressure, right arm 114/80, left arm 110/80. 
There was no edema, icterus, dyspnea, cough, 
paresis, or cyanosis while examination was per- 
formed. Except for mild facial acne the skin was 
normal. The head and neck were negative ex- 
cept for mud colored sclerae. The fundi were 
normal. There was no lymphadenopathy. The 
thyroid was normal to palpation. There was no 
engorgement of the neck veins. Expansion of the 
chest was markedly curtailed with an expira- 
tion circumference of 303 inches and an inspira- 
tion circumference measuring 31 inches. The 
breasts were normal. Percussion note was im- 
paired over the lower lung fields but fairly good 
breath sounds were heard. No rales or friction 
rub were audible. The point of maximal im- 
pulse was thought to be within the left mid- 
clavicular line. The heart rate and rhythm 
were normal. No murmurs were audible. The 
abdomen, extremities, and reflexes were within 
normal limits. Muscle, tendon, and joint sense, 
discriminatory and vibratory sense were nor- 
mal. Laboratory Data: Red blood cell count 
4,380,000; hemoglobin 12.6 gm. (86 per cent); 
white blood cell count 8,400; polymorpho- 
nuclears 75 per cent (stabs 4 per cent); lym- 
phocytes 21 per cent; monocytes 3 per cent, 
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and eosinophils 1 per cent. The urine revealed a 
PH of 7.0; specific gravity 1.010; negative tests 
for sugar and albumin; and a negative micro- 
scopic examination of the sediment. The blood 
sugar was 82 mg. per cent; nonprotein nitrogen 
29.5 mg. per cent; cholesterol 211 mg. per cent; 
sedimentation rate 10 mm. in I hour corrected; 
hematocrit 42 per cent. The alkaline phospha- 
tase was 2 King-Armstrong units. The blood 
calcium run on January 14, 1956 and January 
18, 1956 was I1.9 mg. per cent and 11.6 mg. per 
cent, respectively; blood phosphorus 2.00 mg. 
per cent; Kline precipitation test negative; 
blood chlorides 510 mg. per cent; total proteins 
7.6 gm. with albumin of 4.32 gm. and globulin 
of 3.28 gm. and an albumin globulin ratio of 1.3. 
Examination for lupus erythematous cells was 
negative. Cephalin flocculation test was 3+. 
The protein bound iodine measured 6.0 ug. per 
cent. Blood culture was negative. Sputum ex- 
amination with Pappenheim’s stain and acid 
fast bacilli concentration stains and cultures 
for acid fast bacilli, fungi, and ordinary micro- 
organisms were negative. Guinea pig inocula- 
tion was reported negative with the animals 
autopsied six weeks after inoculation. Intra- 
dermal tests with histoplasmin 1: 100 dilution 
gave a red blush with a diameter of 0.5 cm., 
while with blastomycin 1:100 dilution were 
entirely negative. Wheal formation was absent 
in all tests. Vital capacity on three occasions 
ranged between 32 and §2 per cent of the pre- 
dicted normal. 

The electrocardiogram was interpreted as 
showing only sinus tachycardia with a rate of 
107 per minute. Roentgenographic examination 
of the chest revealed a diffuse bilaterally sym- 
metric, extremely dense, finely granular mot- 
tling. The bases were more dense than the apical 
regions. This was thought to be due to the in- 
creased anteroposterior diameter of the chest 
rather than the actual increased density. All 
segments of the lung were involved. The minor 
interlobar fissure on the right was thickened 
with the possibility of calcific pleuritis here as 
well as in the upper portion of the diaphrag- 
matic pleura on the left, where there was a rim 
of calcium paralleling the upper contour of the 
diaphragm. The findings were consistent with 
those described in pulmonary alveolar micro- 
lithiasis. (J. Gardner, M.D., Radiologist). 

Lateral stereoscopic roentgenograms of the 
skull, an anteroposterior roentgenogram of the 
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abdomen, and anteroposterior roentgenograms 
of the hands revealed normal bone densities, 
without evidence of abnormal calcification. 
The kidneys appeared normal without evidence 
of stones. 

The microscopic slides of the lung biopsy ma- 
terial, made at the East Texas Tuberculosis 
Hospital and kindly loaned by Dr. J. P. Mul- 
lowney, were examined by us (Fig. 33) and 
reported by Dr. John F. Pilcher, Pathologist as 
follows: ““The slides show lung tissue with a 
large majority of the alveoli containing spher- 
ical bodies which are apparently calcified. These 
rounded bodies are finely laminated concen- 
trically and in some instances fractured irregu- 
larly. The alveolar walls show little change from 
normal and are of normal thickness. There is 
very little, if any, inflammatory change present 
in the lung tissue. This seems to be a typical 
example of pulmonary alveolar microlithiasis.” 

The patient is now on restricted activity 
with only symptomatic therapy from time to 
time. She fares reasonably well and has respira- 
tory symptoms only with overexertion. 

A re-study of her chest roentgenograms 
(Fig. 32) confirmed the presence of innumerable 
coarse calcific densities scattered uniformly 
throughout both lungs. The lesions appeared 
larger than those in other cases (averaging 2 
mm. in diameter) with a definite spongy and 
reticular pattern, suggesting lobular emphy- 
sema alternating with a network of airless tis- 
sues. The appearance was unusual in detail, 
but the total picture conformed to the patterns 
previously described. There were emphysema- 
tous areas In each apex, and retraction of each 
apex from the bony thorax, the intervening 
spaces presumably being filled with fat, not by 
pneumothorax. There were accentuated linear 
collections of calcospherites along the minor 
pleural fissure on the right and over the dome 
of the left diaphragm, measuring 2 mm. in 
width. The cardiac outlines were completely 
obscured, even in Bucky roentgenograms, and 
the diaphragm could be seen only in the lateral 
view. It appeared normal in position and curva- 
ture. No calcium deposits could be seen in the 
mediastinum or in the hilar lymph nodes. The 
bone detail and calctum content were normal. 

A roentgenogram of the abdomen revealed 
no enlargement of the liver or spleen. The kid- 
neys were well outlined, normal in size and 
shape with no evidence of urinary calculi. No 
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abnormal deposits of calcium could be seen 
anywhere except in the lungs. 


CASE 20 

This patient, G. P., a white male, was sixty- 
six years of age when he died in 1953 in the 
Winnipeg General Hospital. Autopsy was ob- 
tained and the diagnosis of pulmonary alveolar 
microlithiasis established. The patient had 
been under observation since 1928 when he first 
noticed shortness of breath on exertion. He was 
admitted to a sanatorium but the diagnosis of 
pulmonary tuberculosis (presumably from 
roentgenograms) was not confirmed. His dysp- 
nea gradually became worse, requiring admis- 
sion to the hospital for treatment of heart fail- 
ure. His final admission was on September 11, 
1953, when he presented severe dyspnea and 
cyanosis and died a few hours later. 

Past history revealed no previous illnesses 
except as noted above. His family history was 
noncontributory. He had worked most of his 
life on a farm and had no exposure to silica or 
any other dusts or toxins as far as could be de- 
termined. 

On physical examination hypotension was 
found, blood pressure 70/30, with a pulse of 60, 
completely irregular. Temperature was 96.4° F. 
There were cyanosis of face and hands, and 
pitting peripheral edema; the liver was palpable 
three fingers below the costal margin and there 
were rales throughout the right chest. In spite 
of administration of oxygen and penicillin he 
expired. 

Laboratory investigation during a previous 
admission (October, 1952) revealed that tests 
for tuberculosis, torulosis, histoplasmosis and 
blastomycosis were all negative. Blood urea 
nitrogen was 23 mg. per cent. Prothrombin 
time, blood examination and sedimentation 
rate were normal. Tests of the urine were 
negative; an electrocardiogram was interpreted 
as showing chronic right ventricular strain and 
partial atrioventricular block. Roentgenograms 
in 1949 and in 1952 were interpreted as “‘fine 
mottled type of increased density ...com- 
pletely obscuring lower two thirds of both lung 
fields . . . suggests possible pneumoconiosis or 
fungus type of infection.” There was no change 
In appearance from 1949 to 19§2. 

The autopsy, by Dr. D. W. Penner, including 
the brain, revealed nothing significant except 
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in the chest. The brain, pituitary gland, me- 
diastinal lymph nodes, thyroid, spleen, kidneys, 
liver, pancreas, adrenals, testes and prostate 
were normal except for congestion. The gall- 
bladder contained § calculi. The gastrointes- 
tinal tract appeared normal throughout. 

The heart weight was 380 gm. and there was 
hypertrophy of the right auricle and ventricle. 
No abnormality of the valves was mentioned. 

The right lung weighed 3,640 gm. and the 
left, 2,550 gm. There were numerous pleural 
adhesions. Cut sections of the two lungs were 
identical, reddish-brown in color, grossly em- 
physematous, with a small cystic honey-combed 
appearance. Most spaces were less than I mm. in 
diameter but up to 5 mm. in the apices. Scat- 
tered throughout the parenchyma were numer- 
ous glistening sand-like bodies of fairly uniform 
size, mostly less than 0. cm. They were pale, 
light yellow in color and felt like fine sandpaper 
on the cut surface. 

Microscopic examination of the lungs re- 
vealed a “diffuse calcinosis.” There was some 
emphysema, most marked in the apex and 
some patchy interstitial fibrosis, not marked. 
Most of the alveoli contained laminated cal- 
careous masses, many of which practically 
filled the alveolus. 

Roentgenograms dated March 22 and 23, 
1949 and June 20, 1952 (Fig. 34), all overex- 
posed Bucky films, were made available for 
study. They all presented the classic appearance 
of an advanced case of pulmonary alveolar 
microlithiasis, with no appreciable change be- 
tween the two sets of films. In addition to the 
innumerable fine granular calcific deposits 
scattered universally throughout both lungs, 
there were emphysematous areas in both apices, 
larger on the left, and at the basal periphery of 
the lungs, more on the right. The cardiac out- 
lines were completely obscured and the outlines 
of the diaphragm leaves were only faintly vis- 
ible on one film but apparently normal in posi- 
tion and contour. The clear (uncalcified) zone 
in the mediastinum was distinct and there were 
no calcium deposits visible in cervical or me- 
diastinal lymph nodes, spleen or liver. The 
bones appeared normal in detail and density. 


Comment. At the present time it is im- 
possible to state the duration of this man’s 
disease, but it probably dates at least’ from 
1928 when he first had symptoms until his 
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death in 1953, a period of twenty-five vears. 
If we assume the usual preceding asymp- 
tomatic or latent period, it might easily be 
twice this figure. 

We are trying to find some of his earlier 
records and will also try to investigate his 
family for other cases of this singular 
disease.* 


CASE 21 


The chest roentgenograms, clinical history 
and a histologic section of the pulmonary biopsy 
of Case 21 were sent to us by Dr. J. Stauffer 


Lehman of Philadelphia with the approval of 


the patient’s medical consultant, Dr. Peter 
Galamaga, of Philadelphia, Pennsylvania, and 
permission to include the details in our report. 
The patient, M. G., a fifty-two year old female, 
was admitted to the Memorial Hospital in 
West Chester, Pennsylvania on June 14, 1956, 
with complaints of recent upper respiratory 
infection, slight fever and increased exertional 
dyspnea and fatigue. 

The family history revealed that the patient’s 
mother died of some form of pulmonary dis- 
ease, undiagnosed, with no record of roentgen 
examination. The patient’s father also died 
from an unknown cause. She had no brothers or 
sisters and has had no children. 

Her past medical history essentially 
negative except that she first noted exertional 
dyspnea at the age of fourteen while walking on 
level ground for three or four blocks. This con- 
tinued until the age of twenty-one but the 
patient claims it was not disabling. She was 
free from exertional dyspnea from age twenty- 
one to fifty-one and carried on normal activity 
during that time. For the past year she has been 
prone to upper respiratory infections which 
have been difficult to clear up. There has been 
no hemoptysis and no exposure to harmful 
dusts or gasses as far as known. Her chief em- 
ployment has been that of baby-sitter. 

The only previous illness of any consequence 
was proved Rocky Mountain spotted fever in 
19§2. This resulted in her first hospital admis- 
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* The earliest roentgenographic report on file, dated June 25, 
1929, reads “Both diaphragms and the lower half of the chest 
are obscured. There is a dense miliary spread throughout both 
lungs. Likely non-tuberculous. May be malignancy or blasto- 
mycosis.” This would indicate that the condition was present in 
1929 and the total known duration of his disease ending in his 
death in 1953 would therefore be twenty-four years. 

At the time of going to press no report on a roentgenographic 
survey of his family has been received. 
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sion during which she had routine chest roent- 
genograms taken. These revealed extensive 
pulmonary changes, later found to be pulmo- 
nary microlithtasis. 

On physical examination the only abnormal 
findings were slight clubbing of fingers and toes, 
an increased pulmonary second sound and 
diminished breath sound with rales in both 
lower lobes posteriorly. The rales did not clear 
up on coughing. 

An electrocardiogram revealed right 
axis deviation. All remaining laboratory tests 
were within normal limits. No pulmonary func- 
tion tests were done. 

Dr. Robert Glover pertormed a lung biopsy. 
An uneventful postoperative course followed. 
The tissue removed described by Dr. 
Joseph Imbrigha of Hahnemann Hospital, 
Philadelphia as ‘“‘a triangular piece of tissue, 
measuring 3.0X2.5X1.0 cm. The pleura is 
smooth and shiny. Cut section is made with 
some resistance and is rubbery and granular 
in consistency. Microscopic examination reveals 
pulmonary parenchyma characterized by the 
presence of calcific depositions within many of 
the alveoli. The depositions are circumscribed, 
laminated, ovoid masses which appear to oc- 
clude the alveoli. The masses take on a bluish- 
pink color with H. and Kk. stain. The alveoli 
themselves are usually dilated, due to the pres- 
ence of these masses. The alveolar walls show 
varying degrees of fibrosis. There is monocytic 
proliferation with occasional giant cell forma- 
tion” (Fig. 36). 

Roentgenograms of various dates from June 
various tech- 


only 
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12, 1952 to June 24, 1956, with 
niques were made available for study. All 
the films showed the same characteristic ap- 
pearance of fine diffuse granular deposits of 
calcific material throughout both lungs from 
apex to base. With ordinary exposure tech- 
—_ only the apices were penetrable. Even 
1 Bucky roentgenograms (Fig. 35) the cardiac 
pabiescn and the diaphragm shadows were com- 
pletely obliterated. Using a hand lens, a very 
fine mesh-like appearance was brought out 
similar to a sponge, but with tiny individual 
grains of sand between the holes in the sponge. 
There was no apparent coalescence or conglomer- 
ation of the deposits, but they were accentuated 
along the pleura, particularly the interlobar 
fissures, and in a coarse irregular manner along 
the branchovascular tree. There was bullous 
emphysema in the left apex of moderate size. 
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There was no gross distortion of pulmonary 
architecture, as judged by the position of the 
trachea, main bronchi or the clear zone outlin- 
ing the mediastinum. The bones appeared to be 
normal in calcium content in anatomic 
detail. 

All of the calcified particles which were vis- 
ible individually seemed to be less than 1.0 mm. 
in diameter, but there were several dozen larger 
calcified deposits in the left upper quadrant of 
the abdomen presumably in the spleen, which 
varied from 1.0 to §.0 mm. in size. They ap- 
peared quite different from the pulmonary 
microliths, being smoothly rounded, larger and 
denser, and strongly suggested the calcified 
granulomas of histoplasmosis. No similar shot- 
like shadows could be identified in the lungs, 
but they could easily be present and obscured. 

The anteroposterior diameter of the chest 
appeared increased in the lateral view. 


Comment. These roentgenograms pre- 
sent the appearance of a far-advanced case 
of microlithiasis and it 1s considered re- 
markable that the patient has no more dif- 
ficultv with breathing than she does. This 
is the first case in which calcified nodules in 
the spleen have been found, but they are 
probably incidental and may well be due to 
previous infection with Histoplasma cap- 
sulatum. 


CASE 22 


M. J. T., a white female, is now twenty-five 
vears of age, married and has one child and is 
teaching school with no obvious disability. She 
was born July 22, 1931, in Arizona, where the 
family home was located six miles from a copper 
smelter. After seven years they moved to Col- 
ton, California, living just across the street 
from a large cement factory for six years and 
then moved to Pasadena where they now live. 
Mary Jo was the eldest child of three. The 
youngest, Timothy, also has microlithiasis but 
the second child has not been examined. The 
mother had a chest roentgenogram in 1949 
which was considered to be normal. 

Mary Jo was found to have the condition 
when her High School graduating class had 
minifilms of their chests made. She was sixteen 
vears old at that time and has been followed 
ever since. 

Her medical history was not remarkable ex- 
cept for chronic sinusitis which she has had 
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since the age of eight. For it she received weekly 
injections of autogeneous vaccine for several 
years, at least through 1948 (aged seventeen). 
She remembers a long series of colds with an 
irritative cough in 1944. At this time she was 
thin and failed to gain weight the following 
year. After the discovery of her pulmonary 
condition in 1947, she had a thorough physical 
examination. The significant findings were: 
weight 120 pounds; height 5 ft. 62 inches; 
vital capacity 2,900 cc.; blood pressure 112/70; 
temperature g8° F., pulse 60. There was no 
evidence of clubbing of the fingers, no glandular 
enlargement could be found, the spleen could 
not be felt, and all other findings were negative 
including physical examination of the chest. 

In 1954 she was seen again by the same physi- 
cian. She had undergone infectious hepatitis 
with marked jaundice in October, 1952, but 
had no other illnesses. There was no dyspnea 
and only a slight occasional cough. Her blood 
pressure was 110/70 and physical examination 
of her chest again was negative. 

Roentgenograms of the chest dated April 24, 
1947, October 7, 1947, May 20, 1948 (Fig. 37), 
August 24, 1951 and July 13, 1954, were avail- 
able for study. No appreciable difference in the 
pulmonary involvement could be seen over this 
period of seven years. All of the films presented 
the remarkable appearance of a snowstorm 
uniformly spread throughout both lungs. The 
involvement was most marked in the bases 
medially and least marked in the apices. The 
cardiac shadow could be distinctly outlined 
and both leaves of the diaphragm could be 
seen. The heart and diaphragm appeared nor- 
mal. There was no gross distortion of thoracic or 
intrathoracic structures. The soft tissues of the 
neck and chest all appeared normal, the ribs 
and shoulder girdles were normal, and no calci- 
fication could be seen in the liver or spleen. 
The kidney areas were not included. 

Detailed study with a reading glass of the 
calcified deposits in the lungs revealed innu- 
merable small spherical calculi crowded together 
everywhere throughout both lungs. In addition 
there were coarse irregular collections of these 
microliths in linear distributions along pleural 
surfaces and along the bronchovascular tree. 
The latter is well demonstrated in Figure 37, 
in the left base where it shows through the air 
bubble in the stomach. A third pattern of 
grouped microliths ts best seen in the middle and 
lower thirds medially, where it presents an ir- 
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regular interlacing web suggesting lymphatic or 
perivascular anatomic concentration. 
CASE 23 

Case 23 is the younger brother of Case 22. 
Timothy T. was born on October 31, 1941 in 
Colton, California, lived there three years and 
since then has lived in Pasadena. He was found 
to have pulmonary microlithiasis in 1949 at 
the age of eight years. His medical and personal 
histories are unremarkable. He had the usual 
childhood diseases as well as several episodes of 
otitis media in childhood. He seemed to be 
outwardly normal in all respects. There are no 
records in his case of physical examinations or 
laboratory tests as the family has refused further 
follow-ups, even when offered without charge. 

The father of these children has not had a 
roentgenographic examination of his chest as far 
as we know, and the second child, a son born in 
1933, has no record of chest roentgenograms. 

Timothy’s roentgenogram, dated July 13, 
1954 (Fig. 38) when he was thirteen years old, 
presented the classic sandstorm appearance of 
pulmonary microlithiasis. With a hand lens 
the calculi were seen to be circular or oval, 
sharp in outline, distinct from each other but 
arranged in various patterns conforming to the 
local anatomy. None of the calculi seemed to be 
above 1.0 mm. in diameter and most of them 
were below this in size. The diaphragm shadow 
can be seen fairly well but the cardiac outlines 
are indistinct, probably due to the fact that this 
was a non-Bucky roentgenogram of rather 
“soft” technique. Due to this technique even 
the ribs appeared indistinct near the spine. The 
heart did not appear enlarged and the bones all 
presented normal density and good structural 
detail. No calcification could be seen in the liver 
or spleen. The kidney areas are not included. 
The epiphyses of the shoulder and wrist ap- 
peared within the normal range for a boy of 
thirteen.* 


CASE 24 
Mr. C., a white male of forty-five knew noth- 
ing of his chest condition until he applied to 


* Further investigation of the family after this paper had gone 
to press brought out the information that the father had several 
times been examined by miniature films and each one had been 
reported as negative. 

The second child, a son, now aged twenty-three, has also had 
his chest roentgenographed at a Naval shipyard where he works 
and was reported to have no evidence of microlithiasis. 
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join the Australian Air Force during the war, 
Routine roentgenograms demonstrated some- 
thing radically wrong with his lungs and he was 
rejected. He insisted that he had been per- 
fectly well all of his life and had never had any 
trouble referable to his chest. Indeed he stated 
that he had always been remarkably free from 
illness. The only illness he could remember was 
a short febrile one when he was in the Middle 
East during the war necessitating bed rest for 
a few days. There was no history of urinary dif- 
ficulty and no record of anything to suggest 
bilharziasis. He had been a clerk all of his life 
and had never worked in any of the dusty 
trades. 

Physical examination was completely nega- 
tive. He looked and felt well. His blood count 
was normal but no other laboratory record 
could be found, and he did not submit to any 
extensive laboratory investigation. 

Two roentgenograms dated July 8, 1940 and 
July 16, 1942 were made available for study. 
Fach one revealed the characteristic finely 
mottled sandstorm uniformly involving each 
lung from apex to base. The heart and dia- 
phragm could be outlined on the second film 
which had been taken with twice the normal 
exposure. The heart was small and_ptotic, 
otherwise normal in appearance. The vascular 
trunks could be recognized through the sand- 
storm and were normal in distribution. Small 
areas of emphysema could be seen in the apices 
and a larger area was present in the left base 
laterally, but there was no distortion of the 
other normal architecture. A few beaded and 
streaky areas in each apex raised the question of 
a possible minimal apical scarring preceding 
the microlithiasis. There was no. cavitation 
demonstrable and no other calcification than 
that in the microliths. The reading glass again 
brought out the innumerable tiny sharp individ- 
ual grains of sand which are so typical of this 
condition. 

On follow-up it was learned that he died in 
1947 of “congestion of the lungs” while under 
the care of an “irregular” physician. There was 
no autopsy. 


REVIEW OF PREVIOUSLY REPORTED CASES 
We have been able to find in the litera- 
ture reports of only 20 cases of this disease 
which we believe fit all the criteria for inclu- 
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sion as “proved beyond a reasonable 
doubt” and 2 other cases about which there 
is some doubt. Most of the early cases have 
been reported by pathologists after au- 
topsy confirmation, but some of the more 
recent reports include several which have 
no histologic verification, only the char- 
acteristic roentgen appearance. This is the 
usual course of events. A new disease or 
condition is discovered or identified at au- 
topsy and thoroughly described, and then, 
perhaps years later, some characteristic 
sign or test is found by which the diagnosis 
can be made “‘beyond a reasonable doubt.” 
Such was the case with coarctation of the 
aorta. For years it was a pathologic curi- 
osity until in 1929 Railsback and Dock*®* 
published their article calling attention to 
the notching of the ribs which was found 
on the chest roentgenograms in nearly all 
cases. Then the condition became a roent- 
genologically diagnosed anomaly until the 
clinicians realized that they could antic- 
ipate the roentgenologic diagnosis by feeling 
for the femoral pulses and, when weak or 
absent, taking the blood pressure in the legs 
as well as the arms. At the present time 
coarctation of the aorta can be readily and 
accurately diagnosed by several different 
methods and, again as usual, has been 
found to be more common than was even 
suspected thirty years ago. So it is with 
pulmonary microlithiasis, once the char- 
acteristic roentgen appearance Is recognized 
and understood the diagnosis can be made 
with a high degree of certainty if all the 
criteria are fulfilled. In fact, we feel that 
the roentgen appearance is essential to the 
diagnosis and can be used instead of a 
biopsy. For that, and other reasons which 
will be given below, we have not hesitated 
to exclude several cases which have pre- 
viously been accepted as pulmonary micro- 
lithiasis and so listed in several publica- 
tions. Once such an error has been per- 
petrated, it is commonly repeated and 
carried on in subsequent papers until some 
skeptical author reviews the entire series. 
Fortunately, the series in this disease is 
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short and the cases are few, but in spite of 
these facts several cases have been ac- 
cepted without evidence to justify their 
inclusion. In some even the autopsy results 
have been misinterpreted or classified dif- 
ferently by subsequent authors. 

The disease or condition was first de- 
scribed by Harbitz‘ in 1918 and all criteria 
for the diagnosis were adequately fulfilled 
in his case. The details are summarized be- 
low. He missed the fact, however, that the 
calculi start inside the alveoli and described 
them as being :nteralveolar and compressing 
the alveoli. The next case was described by 
Schildknecht"™ in 1932, classic in all of its 
details, but described as calcified corpora 
amylacea rather than calculi. The amyloid 
reaction was negative. This was the first 
case in which the roentgen findings were 
described, although Harbitz in his 1918 
articles includes a roentgenogram of a slice 
of the lung after autopsy, reporting a 
marked increase in the opacity of the speci- 
men to the roentgen rays. 

The third case was reported the follow- 
ing year, 1933, by Ludwig Puhr™ and it 
was he who gave the name “microlithiasis 
alveolaris pulmonum” to the condition. 
Puhr thought he had discovered a new dis- 
ease although he mentions Harbitz under 
the authors who described “‘calctum metas- 
tases.” 

Subsequent single cases were described 
by Mariani, et al. (1949),' Leicher (1949),° 
Lindig (1951),® Benard, ef a/. (1950),? and 
Sharp and Danino (1953).'* The first to 
report multiple cases in one family was 
Mikhailov from Bulgaria, in 1954," with a 
total of 4 cases, 3 of them in one family, 
viz., a thirty year old female, her forty year 
old brother and the seventeen year old son 
of the brother. His interpretation, however, 
was that the familial cases were due either 
to environment or to contagion rather than 
heredity. Numerous cases followed in 1954 
and 1955, including Manz (1 case),° 


Petranyi and Zseb6k (1 case),'!* Takahashi 
(1 case),'® all in 1954 and Badger, e¢ a/. (1 
case, Case 1 1n this report),! Sato (3 cases 
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in one family, all sisters, aged nineteen, ten 
and six,'® Hirota (1 case),’ and Kent, ef a/. (1 
case).° J. Gough® gave additional informa- 
tion on Sharp and Danino’s patient, and 
just recently Meyer, ef a/.’° have made a 
second report on the patient reported by 
Kent, e¢ a/. Thus we have a total of 21 in- 
dividual patients with this disease, one of 
them being doubtful (the case of Benard, 
et al.), the rest being proved either by au- 
topsy, biopsy or the characteristic roent- 
genograms. Details are summarized below 
in chronologic order. 

In addition to these indubitable cases, 
there are several cases which have been 
included in previous reports as belonging 
in this same classification. Some authors 
refer to Friedreich*”—* as being the first one 
to describe this condition. We doubt this as 
Friedreich’s first 2 cases are described as 
“corpora amylacea” in the lungs, found at 
autopsy, both patients dying of typhoid 
fever. The interstitial and intra-alveolar 
precipitates were of completely homo- 
geneous character, partly in concentric 
layers, with “water-clear to yellowish wax- 
like colloidal glimmer.”’ No mention is made 
of calcification or concretions in the 
exudates and the author’s conclusions were 
that the condition was due to capillary 
extravasations. We think these cases should 
not be considered as microlithiasis. 

Two other cases previously included by 
several authors as ones of microlithiasis are 
those of Jona* and Munk.** These appear to 
us to be classic cases of pulmonary hemo- 
siderosis secondary to mitral stenosis, as in 
fact the authors themselves suggest. Jona’s 
title of “Mitral Disease and Brown In- 
duration of the Lungs” and Munk’s title of 
“Disseminated Calcification in the Lung in 
Mitral Disease” clearly indicate the cause 
and the result, and we see no reason for 
including them with pulmonary micro- 
lithiasis. In both cases the autopsy details, 
histology and the roentgenograms,  to- 
gether with the finding of iron deposits in 
the pulmonary nodules, exclude micro- 
lithiasis. In both patients there were meta- 
plastic bone formations in the lungs as well 
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as calcium deposits around the hemo- 
siderotic nodules, which may have led to the 
erroneous decisions to include them with 
true microlithiasis cases. 

There is some doubt about the case of 
Benard, et a/. based chiefly on the fact that 
roentgen examination (fluoroscopy only) 
showed nothing abnormal, and that roent- 
genographic examination of the lung post- 
mortem showed no calcific micronodules. In 
addition, the patient was seventy-two years 
old and died with symptoms and signs of 
acute pulmonary edema. The histology, 
however, appears barely compatible with 
microlithiasis and we cannot explain the 
discrepancies. We would include the case 
with reservations and speculate that this 
could be an acute process ending up with 
similar histologic appearances but not 
the same disease exemplified by long dura- 
tion of an asymptomatic phase and char- 
acteristic roentgenograms. 

A similar situation exists in the case de- 
scribed by Klemm’ except that no biopsy or 
autopsy material was available, but which 
might have avoided the confusion. The 
copy of the roentgenogram in his article 
presents large irregular masses 1n_ both 
lower lung fields, which the author states 
are “‘lentil-sized foci of calcific density,” 
although lentils are supposed to be smaller 
than peas and should average 5 mm. in 
diameter. The history, physical examina- 
tion and the reproduction of the roentgeno- 
gram are at variance with all of the classic 
cases noted above and we would exclude 
Klemm’s case from our approved list. For 
details see Case 22, in section of Summary 
of Previously Reported Cases. 

It has long been a histopathologic truism 
that similar or even identical histologic 
pictures can sometimes be produced by a 
variety of causes or through diverse proc- 
esses. Other conditions than true pulmo- 
nary microlithiasis can no doubt produce 
some laminated deposits in the lungs or 
even in the alveoli, but this does not mean 
that the condition is pulmonary micro- 
lithiasis. A similar situation occurs more 
frequently when the characteristic histo- 
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logic lesion of sarcoid is found in the 
abdomen or in a lymph node. This does not 
necessarily mean that the patient has the 
disease sarcoidosis, as other tissue insults 
can produce the same local histologic reac- 
tion (Wolbach, personal communication). 
For these reasons we feel that the above 
cases should be excluded from the list of 
verified pulmonary microlithiasis, and we 
feel that the classic roentgenographic ap- 
pearance should be considered essential in 
the diagnosis. 

The situation is much worse, of course, 
in regard to the accuracy of diagnosis by 
roentgen examination. There are several 
widely different agents and conditions 
which may produce the same roentgen ap- 
pearance in the lungs. Diffuse miliary le- 
sions indistinguishable from each other, in 
many cases by roentgen examination alone, 
may be produced by several different in- 
fectious agents, by inhalation of irritant or 
toxic materials, by metastatic tumors or by 
other less common causes. Even with all 
the help possible from the history, the 
complete examination and the laboratory 
tests, it may still be impossible to arrive at 
an accurate decision as to the etiology of a 
given pulmonary condition. Even biopsy 
and histologic study fails at times. But, on 
the other hand, there are situations where 
the roentgen appearance is highly sugges- 
tive, if not characteristic, of a single etio- 
logic factor or condition. In Sharp and 
Danino’s!® patient, where the needle biopsy 
was first reported as “‘haemosiderosis,”’ 
either the biopsy was inadequate or the 
pathologist was in error. Before a rare 
condition can be recognized, there must be 
previous knowledge that such a condition 
exists. We can only speculate, therefore, as 
to how many patients with pulmonary 
microlithiasis have been seen but not rec- 
ognized. About half of the cases already 
reported have been considered to be pul- 
monary tuberculosis of the miliary type, 
and some of them were actually admitted to 
sanatoria and treated for tuberculosis. The 
important points in differential diagnosis by 
the roentgen examination have already 
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been elucidated. Before considering the 
histopathologic details and theories as to 
etiology, we should summarize the informa- 
tion already available in the medical litera- 
ture concerning this unusual condition. 


SUMMARY OF PREVIOUSLY REPORTED 
CASES, IN CHRONOLOGIC ORDER, BY 
DATE OF PUBLICATION 


Case 7. Harbitz,! Norway, 1918.) A 
married woman, aged forty-one, who had acute 
rheumatism as a child and again three years 
prior to admission; also episodes of pain in 
abdomen and bleeding from the gastrointes- 
tinal tract. 

Past History: Shortness of breath, ten years; 
recent dyspnea and cyanosis; edema of legs, 
ascites, oliguria and orthopnea, two years. 
Present Findings: Clubbed fingers, cyanosis, 
anasarca. 

Laboratory Data: Urine showed albumin; 
blood showed polycythemia, red blood cell 
count was 5,448,000. 

Roentgen Examination: No plate or film of 
the chest before death. Roentgenogram of slice 
of lung postmortem showed diffuse calcium 
deposits. 

Autopsy: Heart 400 gm., right ventricle ++, 
valves normal. Lungs heavy, sank in water. 
Cut surface felt like sandpaper. Small cal- 
careous granules fell out of dried sections. No 
calclum deposits elsewhere. Thyroid, para- 
thyroids, spleen, liver, kidneys, stomach, hy- 
pophysis and bones all normal. Fallopian tubes 
tuberculous. Histologic Examination: Typical 
calcified laminated concretions in lungs only. 
No evidence of infection. Analysis of ash of lung 
(78 per cent of weight) showed calcium phos- 
phate So per cent, calcium carbonate 18 per 
cent. Small quantities of iron and magnesium. 


Case 2. (Otto Schildknecht,!’ Germany, 1932.) 
female, aged forty-five, admitted for psychosis, 
diagnosed as bulbar paralysis. Died. Wasser- 
mann positive. Roentgenograms of the chest 
revealed numerous miliary shadows generalized 
but more in lower lobes which were as dense 
as marble. First thought to be miliary tuber- 
culosis. 

Autopsy: Brain atrophy, bulbar paralysis. 
Lungs were solid, with fine granules in cut 
surfaces like sand. Histologic Examination: 
Calcified bodies in alveoli, with onion-like 
laminations, some with a central nucleus. 
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Elastic fibers in periphery. Tests for amyloid 
negative, for calcium positive. Photomicro- 
graphs of lungs are typical. 

The roentgenogram of this patient’s chest is 
said to be reproduced in the textbook of Schinz, 
et al, (Third Edition, Leipzig, 1932, vol. II, p. 
798) as amyloidosis of the lung. Schildknecht 
reports the case as one of calcified corpora 
amylacea, but emphasizes the unusual features 
and expresses a doubt that the lesions are 
really amyloid in origin. 


Case 3. (Ludwig Puhr, Budapest, 1933.) 
This author described his patient as one having 
lesions similar to Virchow’s “calcium me- 
tastases,” but different in details, therefore a 
new and previously unknown condition. He 
coined the name “mikrolithiasis alveolaris 
pulmonum”’ for the disease. 

The patient was a female, aged forty-nine, 
who had pneumonia 7 times, cyanosis on exer- 
cise and clubbing of digits. She was re-admitted 
a year later with cough, dyspnea, cardiomegaly 
and edema. Sudden exitus. 

Roentgen Examination: Fine calcium-con- 
taining granules in both upper lobes, with 
homogeneously dense shadows in the lower 
three-fourths of each lung. 

Autopsy: Lungs heavy, did not collapse, 
calcium plaques in pleura, cut surfaces like 
sandpaper. Histologic Examination: Concre- 
ments in the alveoli, not in the alveolar walls 
or arteries. 

Puhr concluded that he had found a new 
disease, one of diffuse multiple tiny stones in 
the lungs. Chemical analysis revealed the 
stones to be mostly calcium phosphate. 

There were no abnormal calcifications out- 
side the lungs and no increased bone resorp- 
tion. 


Case 4. (B. Mariani, et a/.," Rome, 1949.) 
These authors reported the case of a farmer of 
twenty-eight who was hospitalized at the age of 
nineteen for severe hemoptysis, diffuse chest 
pain and fever. He recovered and returned to a 
normal life. He was admitted to the Institute 
Forlanini in 1940. 

Laboratory Data: Vital capacity was 1,800 
cc., Wassermann and Koch tests were negative, 
tests for fungus were negative, but the Takata- 
Ara test was strongly positive. Serum calcium 
was 10.2 mg. per cent. 

Roentgen Examination: Numerous fine nod- 
ules throughout both lungs apparently with 
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homogeneous opacity in the lower lung fields, 
Grid films demonstrated micronodular elements 
about I mm. in diameter, making up the basal 
density. The sputum was tested unsuccessfully 
for calcium and a pulmonary biopsy was at- 
tempted but was insufficient in amount. 

Autopsy: The lungs were full of calcareous, 
onion-like lamellary formations in the alveoli, 
some of them with central nuclei suggesting 
cellular elements. There were also areas of ossi- 
fication in the lungs, some calcification in the 
alveolar walls and bilateral apical pneumo- 
thoraces. There was chronic hepatopathy with 
fatty degeneration of the liver. Chemical anal- 
ysis revealed the deposits to be mostly cal- 
cium phosphate, but some calcium carbonate 
was also present. 


Case 5. (Friedrich Leicher,> Germany, 1949.) 
This patient, a forty-four year old farmer, had 
hemoptysis in 1919, shortness of breath in 
1937, angina in 1938 and cough with yellowish 
sputum when admitted in 1943. 

Roentgen Examination: Bilateral homo- 
geneous density in the lungs, with numerous 
fine particles in the upper lung fields. 

Autopsy: Numerous laminated bodies in the 
alveoli, sometimes several in one alveolus, with 
foreign body giant cells around some of them 
and islands of bone formation in interstitial 
tissue. Chemical analysis revealed mostly cal- 
cium phosphate and calcium carbonate. 


Case 6. The first case in the radiologic liter- 
ature was reported by W. Lindig® from Ger- 
many in 19§1. This was the case of a forty- 
year old gardener with classic roentgenograms, 
and Lindig emphasized the striking discrepancy 
between the roentgen findings and the lack of 
pulmonary symptoms. The patient’s vital 
capacity was 2,900 cc., his serum calcium 8.8 
mg. per cent and the Wassermann and Koch 
tests were negative. He had worked for one 
year with a compressed air hammer in basalt 
stone work, which was thought to be of pos- 
sible etiologic significance. 

The roentgenograms were regarded by Lindig 
to be characteristic of the condition and he pre- 
dicted that the chest films could be considered 
sufficient for accurate diagnosis. His films re- 
vealed diffuse densities throughout both lungs, 
appearing homogeneous below the third inter- 
spaces, but clearly showing small numerous 
sand-like particles of equal size and configura- 
tion in the upper lung fields. 
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Bilateral pulmonary biopsies were done, re- 
vealing tiny laminated calcium deposits in 
many of the alveoli. Lindig believed that in 
the future the diagnosis might be made by 
finding the microliths in the patient’s sputum, 
and that the diagnosis could equally well be 
made by roentgen examination alone. This 
patient was still living and asymptomatic at 
the time of the report. 


Case 7. (Benard, ef a/.,? France, 1950.) This 
case of a seventy-two year old male has already 
been mentioned as being somewhat doubtful, 
roentgen examination being reportedly nega- 
tive, both by fluoroscopy during life and also 
by roentgenography of the lung at autopsy. 
Otherwise, the description of the autopsy and 
of the histologic findings could fit the disease. 

The patient was essentially symptom free be- 
fore his final illness, which was a ten day fever 
with slight dyspnea. Four days after his tem- 
perature returned to normal he died suddenly 
in a crisis suggesting pulmonary edema. 

Autopsy: Numerous oval or circular particles 
in the alveoli. Their centers were acellular and 
there were concentric layers like those of an 
onion. They presented a dark cross by polar- 
ized light, and they stained red with alezorine. 
There was no reaction in the alveolar walls. 
Blood vessels and connective tissue appeared 
normal. 

Benard and his co-workers compared and 
contrasted this case with those of Mariani, 
et al. (Case 4 above) and Puhr (Case 3), then 
decided that it was different symptomatically 
and roentgenographically. If this is a true case 
of microlithtasis, this is the oldest patient in 
the series. 


Case 8. (Sharp and Danino,'’ Swansea, Great 
Britain, 1953.) This is the first case reported in 
the English literature, one already referred to 
as having been misdiagnosed “‘haemosiderosis” 
on needle biopsy. Sharp and Danino give an 
excellent description of the pathologic and his- 
tologic findings, using excellent illustrations. 

The case is that of a fifty year old housewife, 
married but childless, who was followed from 
194§ to 1949 when she died and was autopsied. 
Her symptoms were those of gradually increas- 
ing shortness of breath, cough, pleurisy and 
pneumonia. Her laboratory tests were all 
essentially normal except for slight poly- 
cythemia, 

Roentgen Examination: The findings were 
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most unusual. The lung fields were almost com- 
pletely opaque, with fine discrete miliary den- 
sities visible individually only at the periphery. 
There was no demonstrable change in the 
roentgen appearance from 1945 to 1949. 

Autopsy: This revealed the typical alveolar 
microlithiasis, described as ‘‘calcospherites.” 
There were nodules of bone in portions of the 
lungs and in the pleura. No hemosiderin could 
be demonstrated. The kidneys, thyroid, ad- 
renals, ovaries, lymph nodes and hair were all 
normal. No tuberculosis or fungus infection 
could be found. Also discovered at autopsy was 
an old rheumatic disease of the mitral valve 
with “‘moderate”’ stenosis. This led the authors 
to speculate on the relationship between the 
two diseases, and probably led them to include 
the cases of Jona*® and Munk‘® which we be- 
lieve are not true alveolar microlithiasis. 

Chemical analysis of portions of the lungs 
revealed excessive calcium and _ phosphorus, 
mostly as calcium phosphates. The iron con- 
tent was only 0.037 per cent of the dry weight 
compared to Munk’s case with 4 per cent of 
iron in the dried lung. 


The same patient was later (1955) re- 
ported by J. Gough’ from a different view- 
point, by aiming to correlate the roentgeno- 
logic and pathologic changes in some dis- 
eases of the lungs. In his paper, Gough 
compared and contrasted the changes seen 
in mitral disease with hemosiderosis and 
those seen in alveolar microlithiasis, as well 
as other conditions. 

Four articles on microlithiasis appeared 
in 19$4, reporting 7 cases, among them the 
first recorded instance of multiple cases in 
one family. 


Cases 9, 10, 11 and 12. These were reported 
by Mikhailov’ from Bulgaria. His patients 
were a fifteen year old girl whose roentgeno- 
grams were considered to be typical of micro- 
lithiasis and 3 members of a family all with 
similar roentgenograms; a thirty-two year old 
woman, proved by pulmonary biopsy, her forty 
year old brother, and his seventeen year old 
son. Neither of the latter 2 was proved by 
biopsy but had identical roentgenographic 
changes. 


Case 9. This girl, aged fifteen, suffered from 
cough, fatigue, weakness and clubbed fingers. 
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Laboratory Data: Hypercalcemia (17.7 mg. 
per cent); vital capacity soo cc.; and Takata- 
Ara test positive. Crystals of calctum oxalate 
were found in the urine. A liver biopsy was 
done and a chronic nodular inflammatory 
process was found, with fatty degeneration. 

Roentgen Examination: Very dense lungs, 
apparently homogeneous in the bases, but 
with multiple separate calcific densities in the 
upper lung fields. The heart borders were ob- 
scured. The skeleton appeared normal. There 
was no change over a two year period. 


Case ro. This was a thirty-two year old 
woman who complained of weakness and a 
slightly productive cough. 

Laboratory Data: Vital capacity was 1,200 
cc.; blood calcium varied from 11.4 to 14.6 mg. 
per cent and the Takata-Ara test was positive. 
Crystals of calcitum oxalate were identified in 
urine sediment. 

Roentgen Examination: Micronodular cal- 
cifications in the upper lungs, increasing in 
density toward the bases. A skeletal survey was 
negative. 

Histologic Examination: Both liver and lung 
biopsies were obtained. The liver specimen 
revealed a chronic nodular inflammatory proc- 
ess, while the lung tissue showed the typical 
laminated calcified deposits in many alveoli. 
In places, the alveolar epithelium was atrophic 
or degenerated, and 1n other areas bone forma- 
tion was found. Chemical tests indicated cal- 
cium phosphate and carbonate, but no tron. 


Case 17. This forty year old brother of Case 
10 had been rejected for military service for al- 
leged miliary tuberculosis, presumably on the 
basis of roentgen examination. He gave a his- 
tory of four previous attacks of pneumonia. He 
complained of weakness and also clubbing of 
fingers and toes. There was a questionable 
history of malaria and of hematemesis. 

Laboratory Data: Vital capacity 2,300 cc.; 
blood calctum 10 mg. per cent; Takata-Ara 
test positive and again crystals of calcium 
oxalate in the urinary sediment. 

Roentgen Examination: The findings ap- 
peared identical with those of his ‘sister, with 
micronodular shadows seen best at the periph- 
ery and confluent densities at the bases of the 
lungs. A skeletal survey was negative. No 
biopsy was performed. 

Case 12. This seventeen year old boy, the 
son of Case 11, presumably asymptomatic, 
was found by survey films of his chest to have 
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the same micronodular densities in his lungs, 
with some larger nodules in the right apex and 
left infraclavicular region. 

In all 4 patients the Wassermann and Koch 
tests were negative, and bacterial studies of 
sputum were also negative. All patients lived 
together on a farm, and Mikhailov speculated 
on exogenous agents and endogenous factors 
as possible etiologic causes and felt that the 
liver involvement was part of the picture. He 
postulated an infection taken in through the 
mouth to the intestinal tract to the liver and 
then the lungs as the most probable cause. 


Case 13. This case was reported by A. Manz! 
from Hamburg, Germany. It was that of a 
thirty-seven year old woman who was first seen 
as a child of twelve with cough, clubbed fingers 
and unusual roentgen findings of fine diffuse 
granulated shadows through both lungs fields, 
more intense at the bases. The case was dis- 
cussed with a diagnosis of “‘bronchitis obliter- 
ans with diffuse bronchiolectasis” in the book 
“Kindertuberkulose” by Simon and Redecket 
at that time (1927). 

The patient married at the age of twenty- 
two, had two children, and led an uneventful 
life until her final admission in 19§2 with car- 
diac decompensation. She died three days after 
admission. 

Roentgen Examination: A chest film in tg41 
revealed no definite change in the pulmonary 
condition compared with the films 1927. 
Roentgenograms of the patient’s mother and 
one brother were negative, one other brother 
refused examination. 

Autopsy: Right heart failure, ascites, club- 
bing of the digits, and solid dense lungs which 
felt like sandbags. Histologic examination: This 
revealed onion-like concrements diffusely dis- 
tributed in the alveoli, with fibrosis of the inter- 
stitial tissues and cellular infiltration. A dark 
spot of unknown nature was present in the 
center of most of the concrements. Amyloid 
tests were negative. Tiny rods were also seen, 
thought to be calcified fungi. Chemical analysis 
of lung tissue revealed a marked increase in ash, 
high percentage of calcium, also per cent 
aluminum and 4.4 per cent magnesium. 

Manz interpreted the case as one of chronic 
fungus infection ending in pulmonary micro- 
lithiasis. This is the longest known duration of 
the condition —25 years. 

Case 14. Vhis case was reported trom Buda- 
pest by Petranyi and Zsebok." It was that of 
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an eight year old boy who was hospitalized in 
1947 for chronic miliary tuberculosis, but be- 
cause of the discrepancy between the roent- 
genograms and a state of good health a biopsy 
was decided upon. The histologic findings were 
considered to be unusual, possibly representing 
amyloidosis or atypical miliary tuberculosis. 
The diagnosis of alveolar microlithiasis was 
not made until 1952. 

The patient had pertussis at 6 months, then 
chronic bronchitis, next, pneumonia at 18 
months and again at 3 years, with a continued 
chronic cough. 

Roentgen Examination: The findings in 1952, 
5 years after discovery of his pulmonary condi- 
tion were essentially the same as in 1947, re- 
vealing symmetrically distributed kernels of 
sand, most marked in the bases of the lungs. 
A skeletal survey was negative. 

Laboratory Data: Vital capacity 2,390 cc. 
(calculated 3,550); COs consumption from air 
206 cc. per minute (normal); Takata-Ara test 
slightly positive; alkaline phosphatase 6.13 
Bodansky units; serum cholesterol 152 mg. 
per cent. 

Tests for amyloid were negative. The histo- 
logic appearance was typical, showing onion- 
like structures filling the alveoli, with only 
moderate interstitial fibrosis, and in some areas 
true bone formation including haversian canals. 

The authors state that the case was roent- 
genologically recognized and histologically 
proved, and suggest that biopsy may not be 
necessary if the roentgenograms are typical. 


Case 15. Vhis case was the first to be reported 
from Japan, by Takahashi'® and, like Case 14, 
was that of a boy of eight when first seen. His 
condition was discovered by a chest survey 
film in 19§1 and was called miliary tuberculosis. 
His tuberculin test was negative in 19$1 but 
became positive in 19§2 although he had no 
symptoms except cough on exercise. Roentgen 
examination of the chest was repeated in 1953 
with essentially the same findings, bilateral 
diffuse miliary densities. His liver was palpable 
but liver function tests were normal. His con- 
dition was identified after biopsy of the right 


apex in 1953. The histologic picture was that of 


numerous tiny granules with lamellary struc- 
ture in the alveoli. They gave a positive reac- 
tion to stains for calcium and chemical analy- 
sis showed mostly phosphates, some carbonates. 
The serum calcium was 10 mg. per cent. The 
basal metabolic rate was first plus 31, later 
plus 26.5. 
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Six new cases were reported in 1955 in 
four separate articles, one of them being a 
report of 3 cases in one family, the second 
instance of familial occurrence of this dis- 
ease. All reports appeared almost simul- 
taneously so that it is difficult to be sure of 
the exact chronologic order, but that is of 
no real importance. 


Case 16, This case was reported by Badger, 
et al.‘ and is the same Scotsman we are reporting 
as Case I in our series. The details have already 
been given above. 


Cases 17, 18, and 19. (Reported by Kei Sato'® 
from Tohoko University, Sendai, Japan.) 
These were three sisters aged nineteen, ten and 
six. The latter is the youngest one reported so 
far. The father of these girls had died several 
years previously of pulmonary tuberculosis, 
but his clinical record and roentgenograms (if 
any) were not available. The parents of these 
three girls were germane cousins. The mother’s 
chest was normal and the remaining sister had 
not yet been examined at the time of the re- 
port. The father was one of six brothers, one 
of whom had tuberculosis. The mother had 
four sisters (one died of cancer) and one brother. 


Case 17. This was the oldest sister (nineteen 
years of age) who was found to have a negative 
skin tuberculin test in a survey in 1946, was 
inoculated with BCG, and converted to positive 
in 1947, remaining so until 19§1. At a mass 
chest survey in 1952, she was diagnosed as hav- 
ing miliary tuberculosis and immediately hos- 
pitalized for four months’ therapy with strep- 
tomycin, PAS and INAH in combination. She 
was discharged to her home, but there was no 
change in the disseminated pulmonary lesions 
so that she was re-admitted in 1954, micro- 
lithiasis now being suspected. 

She was well-nourished, had no symptoms, 
and extensive clinical and laboratory exam- 
inations were within normal limits. These in- 
cluded blood chemistry, electrocardiography, 
pulmonary function tests, cardiac catheteriza- 
tion and spinal fluid study in addition to the 
usual blood and urine tests and sputum exam- 
ination. Biopsy was performed and it was 
found that the pleura was adherent and the 
surface of the lung was rough and granular. 
Extensive cultures for bacteria and fungi were 
made from ground-up lung tissue, but all were 
negative, as was a guinea pig inoculation with 
some of the suspension. 
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The histologic appearance typical— 
that of translucent minute laminated balls in 
the alveoli. Test for iron was negative, chem- 
ical analysis showed calcium phosphate and 
oxide predominant, with 2.8 per cent MgO and 
0.93 per cent SiO» in the ash. 

Her roentgenograms revealed minute miliary 
lesions in both lungs, more dense around the 
hila and in the bases, with individual lesions 
more clearly seen superiorly and peripherally. 


Case 78. This was the ten year old sister of 
Case 17, said to have had pneumonia in infancy 
and to be subject to colds. Her tuberculin re- 
action turned positive at the age of five with- 
out inoculation. Her physical examination and 
laboratory tests were all close to normal. Vital 
capacity was 1,650 cc., 1§ per cent below her 
calculated normal. Gastric washings were 
negative for tubercle bacilli on culture. 

Her roentgenograms were strikingly similar 
to those of her sister, but less dense at the 
bases and the individual shadows appeared 
more minute. Thickened interlobar fissures 
were quite definite. 

No biopsy was obtained and no therapy in- 
stituted. 


Case 19. This was the youngest sister of Cases 
17 and 18, aged six. Her past history was unim- 
portant. Her clinical examination was negative. 
The tuberculin skin test was positive. Cultures 
of her sputum were negative for tubercle bacilli. 

Her roentgenograms revealed the same dis- 
seminated miliary lesions, similar in amount 
and degree to those of her sisters. No biopsy 
was taken and no therapy given. 


Case 20. This case was also reported from 
Japan by Hirota and seven colleagues.’ It con- 
cerned a seventeen year old male who had no 
symptoms except chest pain. A chest roent- 
genogram in 1953 was interpreted as miliary 
tuberculosis, and he was admitted and treated 
with streptomycin and PAS. A repeat roent- 
genogram in 1955 showed no change and a lung 
biopsy was performed revealing microlithiasis. 

His vital capacity was 1,640 cc., considerably 
reduced below his calculated normal. Maximal 
breathing capacity was $1 liters/min. The 
basal metabolic rate was plus 2. Bronchial 
washings were negative for acid fast bacteria. 


Albumin-globulin ratio was 1:1, with low- 


ered albumin. Serum calcium was 12 mg. per 
cent. 
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The roentgenograms showed a diffuse dense 
miliary process, apparently typical of micro- 
lithiasis. 

The biopsy demonstrated laminated stones 
in the alveoli, measuring 170 to 440 micra in 
diameter. There were some round cell infiltra- 
tion in the interstitial tissue and thickening of 
the pleura. No tuberculous lesions or fungi 
could be demonstrated. 

Chemical analysis of portions of the lung 
showed no silica, but increased calcium, phos- 
phorus, sodium and magnesium. The calculi 
were mostly calcium phosphate with some cal- 
cium carbonate. 


Case 21. This case was reported in Nov.,, 
1955, by Kent, Gilbert and Meyer.® It con- 
cerned a Mexican laborer “‘born in Dallas, who 
otherwise was perfectly well” (sic), aged thirty- 
five, with a history of repeated hospitalizations 
for alcoholism. During one of these bouts, in 
the spring of 1954, a routine chest roentgeno- 
gram was made and interpreted as “‘miliary 
tuberculosis.” He was transferred to a sana- 
torium and received chemotherapy for four 
months, when he left the hospital. He was later 
admitted to another sanatorium in February, 
1955. 

The patient gave a history of measles as a 
child and a chancre in 1935 with inadequate 
treatment. He had worked as a cotton picker 
from 1931 to 1937 and in a fertilizer factory 
from 1937 to 1942 where he handled sulfur 
rocks which were later ground up and mixed 
with earthy material. In this work he had to 
wear a mask because of the high concentration 
of dust. He later worked in a rug factory, ex- 
posed to cotton and wool dust, then from 1946 
on in restaurants. 

His physical findings were negative. Tuber- 
culin and histoplasmin tests were both positive. 
Serum calcium and phosphorus were normal. 
The Wassermann test was doubtful. Spinal 
fluid protein was 84 mg. per Ioo cc. All bacte- 
riologic studies, and biopsies of the liver, scalene 
node and bone marrow yielded negative re- 
sults. Roentgen survey of the skeleton was 
negative. Roentgenograms of the chest  pre- 
sented a striking appearance of numerous fine 
diffuse granular nodulations pervading both 
lung fields. The greatest density was toward the 
lung bases, where the cardiac and diaphrag- 
matic outlines were obscured. Bucky roent- 
genograms brought out better detail, revealing 


he 
EA 
j 


li 


a heart of normal size, and individual lesions 
strongly resembling particles of sand. Pleural 
thickening was evident in both bases. No cavi- 
ties could be seen. 

Biopsy of the lung was performed through 
the right fourth anterior interspace, where the 
lung was found to be free except for a few scat- 
tered adhesions. The lung surface felt granular 
and gritty. Histologically about one-third of the 
alveoli contained concretions morphologically 
similar to corpora amylacea, ranging in size 
from 0.02 to 0.3 mm. in diameter. They were 
laminated and some areas contained bony 
lamella. Many alveoli containing the calculi 
had normal walls, but more often the walls 
were thickened. Special stains proved that the 
bodies were calcified. They contained doubly 
refractile lipids, and a positive colloidal iron 
stain suggested the presence of acid muco- 
polysaccharides. The concretions did not con- 
tain amyloid material or iron. Some calculi 
appeared younger and smaller than others and 
not yet calcified. 

The patient remained asymptomatic and in 
excellent physical condition and dis- 
charged. Since then he has been working full- 
time. 

The emphasis in this first paper is on the 
pathologic and histologic aspects of this case. 
Just recently (July, 1956) a second report of 
the same case appeared” giving more detailed 
studies from the clinical laboratory and placing 
more emphasis on the clinical aspects of the 
disease. The authors justly conclude that the 
roentgen appearance is so characteristic that 
the condition should be recognized on sight. 


Case 22. ‘The case recently reported by 
Klemm‘ from Rostock in East Germany, con- 
cerns a fifty-nine vear old farmer who was first 
seen in 1927 because of a goiter. Chest roent- 
genograms at that time revealed generalized 
pulmonary lesions and re-examination in 1938 
yielded a report of “miliary pulmonary lesions 
unchanged since 1927.” In 1940 his goiter was 
partially removed, and in 1954 he was admitted 
to the Rostock Hospital for biopsy of the re- 
maining goiter, tumor being suspected. 

Physical examination revealed cyanosis of 
the face and upper extremities, a vital capacity 
(sitting) of 2,700 cc., serum calcium of 14.5 
mg., but all other tests were negative. Chest 
roentgenograms were described as showing 
miliary lesions, confluent in the lower lobes, less 
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toward the apices, with “‘lentil-sized foci of 
calcific density” visible on high voltage films. 

At one time he had been in a sanatorium 
with presumed pulmonary tuberculosis, ap- 
parently not confirmed. There had been four 
biopsies of his colloid goiter, with suggestion of 
early malignant change. Lung biopsy was not 
performed “‘as it symptomatically was not 
indicated.” 

Our opinion after reading the original article 
and studying the reproductions of the roent- 
genograms is that this is #of a case of the class- 
ical pulmonary alveolar microlithiasis on the 
evidence as presented and should not be in- 
cluded unless it is subsequently proved by 
biopsy or autopsy. 


SYMPTOMATOLOGY 


Most diseases, particularly the pulmo- 
nary ones, produce symptoms at the onset 
or early in their course. The majority of all 
patients come to their physicians because 
of symptoms, either local or general. In this 
disease the striking thing from the clinical 
aspects is the fact that most of the 45 pa- 
tients (Case 16 of the published series is the 
same as Case I in our series) have been 
picked up more or less by accident, and 
only a minority (17) had symptoms when 
first seen by a physician (1 was found at 
autopsy). The larger number (28) was 
found by “routine” roentgen study, either 
for admission to the Armed Forces, a pre- 
employment examination, a chest survey 
program, or routine survey of families for 
similar pulmonary shadows. In the 21 pub- 
lished cases (Case 16 is omitted since it is 
Case 1 in our series) 9 had symptoms when 
first seen by a physician, 11 were found by 
“routine” roentgenograms and I patient 
had no roentgen examination before au- 
topsy (Harbitz,* 1918). By contrast, only 7 
of our 24 unpublished cases had symptoms 
when first seen, 4 were discovered by 
routine roentgenograms in the Armed 
Forces, 1 by pre-employment roentgen 
examination, 6 by “survey” films and 6 by 
examining the families of known cases. 

Symptoms in this disease seem to be 
latent for an indefinite length of time, “‘in- 
definite” because the date of onset of the 
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condition is unknown. They are more com- 
mon in the older patients, more often 
absent in the younger ones. The most 
frequent symptoms are those of pulmonary 
insuficiency, shortness of breath on 
exertion usually being the first to appear, 
then increasing dyspnea, cyanosis, cough, 
increased sputum, occasionally dabbing of 
the digits and finally heart failure due to 
cor pulmonale. It is not known how long it 
takes to progress through these stages but 
it seems to be a variable length of time de- 
pending upon unknown factors. The evi- 
dence suggests that the process is a con- 
tinuing one, 7.¢., that the microliths con- 
tinue to form and perhaps also increase in 
size as the disease progresses rather than 
appear as a single massive deposit at one 
time. Kent, ef a/.° report microliths varying 
both in size and age, some of them still 
uncalcified. 
Twenty-eight of the 45 patients (17 out 
of our 24 cases) had no real symptoms when 
first seen. “Cough” is a nonspecific and 
very common complaint, common to every- 
one at some time or other in his life. There 
was nothing unusual about the cough in the 
early stages of this disease, and only the 
usual productive cough without raising 
blood or pus was noted in the later stages 
when heart failure and pulmonary conges- 
tion were superimposed on the pulmonary 
deficiency. There was no history of raising 
excessive mucus as may occur with pulmo- 
nary adenomatosis and only 3 cases had 
hemoptyis. An opportunity to make the 
diagnosis without biopsy occurs occasion- 
ally when the patient raises some of the 
microliths in his sputum. It would be 
possible to identify them under the micro- 
scope. As so often happens in medical prac- 
tice this bit of information is usually not 
volunteered by the patient but is obtained 
only by direct or leading questions. 
Physical examination has been most dis- 
appointing in these patients, the findings 
being uniformly within normal ranges in 
the earlier stages, and nonspecific in the 
advanced cases, even after viewing the 
amazing roentgenograms. However, the 
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established. facts of negative physical ex- 
aminations and paucity of symptoms are of 
value, as they form a constant and impor- 
tant part of the total picture of this rare 
disease. Almost any other disease or condi- 
tion resulting in such massive involvement 
of pulmonary tissue would give striking 
symptoms and signs of its presence. The 
one common exception is, as mentioned 
above, pulmonary sarcoidosis. 

The laboratory findings have also been 
remarkably unproductive, most of the 
routine ones being entirely within the 
normal ranges (with a few exceptions which 
could possibly be the result of imperfect 
techniques). In the later or advanced stages 
of the disease there may be a compensatory 
or secondary polycythemia, due to loss of 
pulmonary function. The electrocardio- 
graphic findings were normal in practically 
all of the patients except again those in the 
symptomatic stage who might have the 
evidence of right ventricular hypertrophy 
(cor pulmonale) in their tracings. 

Nothing constant or of any apparent im- 
port was found in the blood cell counts, the 
blood proteins, the calcium, phosphorus or 
phosphatase contents of the blood or in 
the many other types of chemical analyses 
which were performed. The urine, sputum, 
gastric washings, bronchoscopic aspira- 
tions, and even the results of venous 
catheterization of the heart in two cases, 
were likewise non-contributory. Extensive 
and elaborate tests of pulmonary ventila- 
tion and physiology measured the damage 
done to the alveolar bed, but in others, 
perhaps earlier cases, were remarkably close 
to normal in spite of obvious extensive pul- 
monary involvement. No clues were ob- 
tained from any of the examinations or 
tests as to the cause or mechanism of pro- 
duction of the condition nor 
etiologic factors, if any. 

There was no significant difference In sex 
incidence, 21 males and 24 females being 
involved. Racial factors or predominance 
were not evident, the disease being re- 
ported in one or more of the following: 
Norwegian, English, Scots, Irish, French, 
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Italian, German, Bulgarian, Hungarian, 
Spanish, Negro, Japanese, Armenian and 
Mexican. 


The age distribution at the discovery of 


the disease was fairly wide but all patients 
except 3 have been under fifty-three years 
of age with the majority (21) between 
thirtv-one and fifty years. The oldest pa- 
tient, aged seventy-two, is the doubtful 
case of Benard, et a/.” In the past two years 
(1954-1955) the average age level has been 
lowered considerably by 
several asymptomatic cases in children. The 
youngest was the girl of six, reported by 
Sato!’ but there have also been reports of 3 
patients, one 8 years of age!’ (Case 23 
and one each of 10 and 12.'"!" Nine patients 
under twenty have been reported including 
those noted above. 

The longest known duration of the 
disease in any one individual is the case re- 
ported by Manz!® where the pulmonary ab- 
normality was first discovered at the age 
of twelve with death occurring 25 years 
later at the age of thirty-seven. A note Is 
made that there was no definite change in 
the pulmonary condition by roentgeno- 
grams between 1927 and 1941. There are 
several other patients who have been fol- 
lowed 10 to 1§ years, some of them until 
exitus, but also several of equal duration 
who were still alive and symptom-free at the 
time of this report. 

There has been no constant or con- 
sistent occupational exposure in this group, 
and the discov ery of several cases 1n young 
children makes it highly improbable that 
anything in the ordinarily accepted group 
of industrial diseases is concerned. On the 
other hand, some of the patients have been 
farmers and others have lived on farms 
eee raises the possibility of fungi or 

easts as possible etiologic agents. Against 
this i is the fact that identical lesions have 
appeared in patients who have lived all 
their lives in cities, and, more important, 
the inability of anyone to demonstrate 
pathogenic fungi or yeasts in any of the 
autopsy or biopsy specimens, although 
many such attempts have been made. The 
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sole exception is the case reported by 
Manz'® who interpreted small 
rounded chain-like rods in the lungs as 
calcified fungi. 

Antecedent disease was consistently ab- 
sent both by history and by autopsy 
studies. Several of the patients gave stories 
of repeated attacks of pneumonia or pleural 
pain but the disease was probably already 
present and well advanced when these 
occurred. Almost invariably the symptoms 
of pulmonary difficulties fo//owed the onset 
of the condition rather than preceded it. 
There has been no convincing evidence by 
autopsy in II cases and by history and 
various tests in the other cases of any 
antecedent or even co-existent disease. The 
one exception is the finding of healed 
rheumatic heart disease with mitral stenosis 
in Sharp and Danino’s patient.'* Even in 
this case the mitral stenosis was of only mild 
degree and in all probability had nothing to 
do with the pulmonary microliths. (Chem- 
ical analysis revealed only a trace of iron 
in the lungs, instead of the 4 per cent or 
more commonly found in pulmonary hemo- 
siderosis due to mitral stenosis.) The mitral 
valve in their case ‘“‘readily admitted the 
tip of the index finger,” which would cor- 
respond to a valve orifice of 3 sq. cm. and 
not the “tight’”’ valve (1.0 sq. cm. or less) 
usually found with diffuse pulmonary 
changes. Badger, et a/.! repeated the mis- 
take by Sharp and Danino of including the 
cases of Jona and Munk (vide supra) and 
even compounded it by listing them in 
their Table as “‘Healed Right-Sided 
Heart Disease”’ (sic). 

Other associated or concurrent diseases 


were conspicuously absent except in two of 


Mikhailov’s patients who had _ granulo- 
matous lesions of unknown etiology in the 
livers found by biopsy, quite different his- 
tologically from the pulmonary lesions. Two 
other patients had positive Takata-Ara 
tests, suggesting something wrong with the 
liver but not too reliable or dependable for 
decisive conclusions. 

Renal calculi were found in our Case 1, 
both during life and at autopsy, naturally 
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suggesting the possibility of parathyroid 
dysfunction, but this was not confirmed by 
exhaustive tests nor by autopsy. So far no 
other patients have been found to have 
renal calculi and only one (our Case 3) had 
a suggestive history. 

Environment has apparently not been 
important except for the suggestion that 
farming or rural life might be a contributing 
factor. Some of the patients lived in hilly or 
mountainous areas, others at medium 
altitude, and some at sea level. Some were in 
tropical areas, others in temperate zones 
and 3 in Canada. No cases have been re- 
ported from South America, Africa or 
Sweden as yet. A cursory survey of the 
geologic formations and the chemical con- 
stituents of the dominant rocks in the 
areas where the cases arose gave us no 
leads. 


PATHOLOGY AND HISTOLOGY 


Of the cases reported so far (21) includ- 
ing the ones in this report (23 new cases), 
11 have been proved by autopsy, 11 
by pulmonary biopsy, leaving 22 proved 
only by the characteristic roentgenograms 
plus the supporting facts in the history. 
Particularly important in these cases are 
the familial occurrence, the absence of pre- 
vious pulmonary disease and the absence 
or relative lack of symptoms until the 
terminal stage is reached. 

The classic histologic picture is naturally 
the most reliable factor in the diagnosis but 
it may be unrecognized or even misinter- 
preted. Similar but not identical histologic 
appearances may erroneously be _ inter- 
preted as being due to this condition.” In 
all cases correlation of pathologic and 
roentgenologic findings is essential as ad- 
vocated by Gough.’ The gross distribution 
and anatomic arrangement of many pulmo- 
nary lesions can best be studied by good 
roentgenograms, while the histologic detail 
can be elucidated by biopsy, differential 
stains and special techniques. 

According to the autopsy reports so far 
available, the gross pathology in this par- 
ticular condition is apparently limited to 
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the lungs. No constant or consistent in- 
volvement of other organs has been found, 
In one case!’ a healed rheumatic mitral dis- 
ease was noted and in another case renal 
disease with numerous small calculi was 
confirmed at autopsy. In two patients" liver 
biopsies revealed evidence of a “chronic 
nodular inflammatory process with dys- 
trophic changes and fatty infiltration.” In 
two others the liver at autopsy showed 
fatty degeneration, but in the remaining it 
showed only chronic passive congestion or 
it was normal. 

The heart as previously suggested, with 
one exception, either exhibited dilatation 
and hypertrophy of the right ventricle in 
those patients who passed through the 
stages of right heart failure, or was con- 
sidered to be normal. 

In all cases, as far as we can discern, 
studies of the kidneys were non-significant 
except for the calculi in the case of Badger 
et al.! Urinary calculi are not mentioned 
in any of the other autopsies. The gastro- 
intestinal tracts have not been abnormal 
and special mention was made in several 
cases that no calcium deposits were found 
in the kidneys or stomachs of those coming 
to autopsy. 

Of particular interest, because of the 
repeated suggestions that the disease is due 
to some abnormal calcium metabolism, 
were the uniformly negative findings at au- 
topsy in the endocrine glands, the para- 
thyroids, thyroids, pituitary glands, ad- 
renals, ovaries and pancreas. 

The osseous skeleton was examined 
several times at autopsy and was considered 
to be normal as it has consistently been by 
roentgen surveys. The spleen and lymph 
nodes have not been enlarged or abnormal 
in detail and have not been found to con- 
tain calculi or abnormal calcification except 
as noted in our Case 21. 

The Lungs. The major and probably the 
only primary involvement in this disease 
was found in the lungs in all cases. In most 
of them either at autopsy or biopsy, the 
pleural surfaces were free, but the sand-like 
particles could be seen and felt immediately 
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beneath the pleura. In others, only a few 
adhesions were present, with nothing to 
suggest an inflammatory reaction. The 
patient of Badger, e¢ al, however, had 
dense fibrous adhesions obliterating the 
pleural ¢ cavities. The lungs were hard, 
gritty, solid, did not collapse on removal 
from the body and were much heavier than 
normal. In some cases the note was made 
that the lungs sank in water. The lungs 
were ‘still, white, hard and incompressible. 
They felt like stone. They were astonish- 
ingly heavy, weighing together 4.020 gm.””!” 
In most cases there was a distinct difter- 
ences between the apical and basal por- 
tions. The former were softer, semi-com- 
pressible and sometimes emphysematous, 
while the bases were stony hard and only 
the extreme margins were compressible. 
The softer portions could be cut with a 
knife although with some difficulty and 
with a marked gritty feeling. The lower 
harder portions had to be cut with a saw. 
All reports stress the fact that “the cut 
surfaces felt like sandpaper” and many re- 
ports mention that they were relatively 
bloodless. Purulent exudates, infarctions, 
consolidations, cavitations hemor- 
rhages have been conspicuous by their ab- 
sence. Emphysematous blebs, however, 
have been common in the apical portions 
and along the anterior margins, and have 
been mistaken for cavities or pneumo- 
thoraces on roentgenograms. The cut 
surfaces did not give positive Prussian blue 
reactions. Decalcification was difficult, slow 
and prolonged with acids, requiring either 
20 per cent nitric acid or the electric meth- 
od. 

All of the cases with exception of the one 
of Benard, et a/2 have shown extensive, 
unusual and consistently similar calcium 
deposits in the alveoli. There have been 
numerous reports of metaplastic new bone 
formation in the lungs sometimes closely 
associated with, but at other times sepa- 
rate from, the ‘“‘calcospherites.”’ The inter- 
stitial tissues of the lungs were apparently 
normal in some individual sections, but in 
others showed either fibrosis or cellular 
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infiltration or both. The alveoli themselves 
have been normal in many cases although 
containing laminated concretions. In some 
cases it was estimated that one-third or 
one-fourth of the alveoli contained stones, 
while in others it seemed that 75 per cent 
to 80 per cent of the alveoli contained 
calculi. In general, on reviewing all of the 
records, it seems quite probable that both 
the numbers of calculi and the amount of 
tissue reaction increase either with the age 
of the patient or with the known duration 
of the disease. 

Excellent descriptions in English of the 
histologic details in the lungs accompanied 
by good photomicrographs are available in 
several of the articles written by patho- 
logists, particularly the ones by Sharp and 
Danino!* and by Kent, et a/.6 Summarizing 
their opinions and descriptions it seems 
that the concretions, calculi or calcosphe- 
rites, whatever they may be called, are 
quite similar in appearance to the corpora 
amylacea most commonly found in the 
prostate gland. They also present some of 
the same structure or morphology, being 
made up of irregularly concentric rings or 
laminations, which take different intensity 
of stains. They usually vary in size from 
0.02 to 0.3 cm., and may have radial lines 
suggesting cracks crossing the circular or 
oval rings. Some of them have a central 
nidus which is not vet identified but could 
be tissue debris. The corpora produce a 
Maltese cross pattern when viewed by 
crossed Nichols prisms. As previously sug- 
gested, the variation in size may correspond 
to a variation in age, as some of the smaller 
bodies do not appear to contain calcium. 

The descriptive words “‘in layers like an 
onion” or simply “onion-skin appearance” 
are found in nearly all histologic reports and 
are quite appropriate. 

The bodies, according to Kent, e¢ a/.,® 
“contained doubly refractile lipids, and a 
positive colloidal iron stain suggested the 
presence of mucopolysaccharides.” They 
did not contain amyloid material or iron. 
No cellular remnants could be identified in 
them, There was no regular arrangement or 
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pattern to fit an anatomic structure or 
distribution. Giant cells were common, but 
seemed to be haphazard in location. No 
one so far has been able to demonstrate 
bacteria, fungi or yeasts, except Manz,!” 
and in his case they were not confirmed by 
culture or differential stains. 


CHEMICAL AND SPECTROGRAPHIC ANALYSES 


Chemical analyses of the lungs have been 

made on nearly all of the autopsied cases 
and on some of the biopsy specimens. We 
have had several of the analyses repeated 
and, in addition, have had some of the 
individual microliths analyzed by chemical 
and physical methods including spectro- 
graphy.* 
All analyses show a marked increase in 
the total solids and in the ash content of the 
lungs, the latter 12 times the usual amount 
in Puhr’s case and even higher in others. 
All analyses agree that the predominant 
elements are calcium and phosphorus, with 
smaller amounts of magnesium and alumin- 
um, and traces of silicon and iron. One of 
our own analyses of the dried microliths 
taken from Gough’s section 21467-49 was 
as follows: 


Percentage Content of 


Element Particulate Weight 
10.0 
Ca 
Mg 
Na 0.3 
Al 0.01 
Sr 0.01 
kK 0.06 


Co, Ni, Cr, Pb, Zn and Si—none found. 


Other analyses correspond to this in general 
with some variation in calcium-phosphorus 


* The dry microliths were removed trom a Gough section under 
a dissecting microscope. Tissue was furnished us by Dr. Badger 
and by Dr. Sato for analysis and sections. The chemical analyses 
were made by Dr. George Nichols in the Department of Bio- 
chemistry at Harvard Medical School and the spectrographic 
analyses were done in the Biophysics Research Laboratory of the 
Peter Bent Brigham Hospital by Dr. Bert L. Vallee and associ 
ates. Petrographic studies of the microliths were also made by 
Dr. Edwin L. Prien of Boston. 
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ratios, but all agreeing in the almost com- 
plete absence of silicon and iron. This is 
particularly important differentiating 
this condition chemically from cases of 
silicosis and hemosiderosis where the con- 
tent of silica and iron are respectively much 
higher. 

Analyses for chemical structure also 
agree quite well, revealing that the calculi 
consist chiefly of calcium phosphate and a 
smaller amount of calcium carbonate. They 
seem to be similar to bone and even more 
closely allied to the majority of urinary 
calculi. The major constituent of the micro- 
liths is apatite, a tricalcium phosphate, in 
one or more of its many forms, chiefly 
Ca;(PO,).. Dr. Prien suggested that the 
microliths were probably a mixture of 
hydroxyl-apatite and carbonate-apatite. 
The percentage difference in calcium and 
phosphorus between the various forms of 
calcium phosphate, particularly tricalcium 
phosphate (which rarely occurs in_ pure 
form) and apatite is very small indeed, 
but the way in which the atoms are hooked 
together is quite different. Dr. Nichols 
found the CO. value to be slightly higher 
than the usual value for bone, but the 
calcium and phosphorus were within the 
ranges usually found in bone. 

The analysis of the dried lung in Leicher’s 
case’ was fairly representative of the 
group as a whole and gave the following 
results: 


Per Cent 
Ca;(PC 66.5 
CaCl )» 8.6 
). 
Organic material 
Total 100.0 


We feel that reports of analyses in this 
form are only an approximation. ‘The 
analyses are actually made for the various 
ions involved and not for the salts them- 
selves. With such data about tons in hand, 
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one then decides which salts are likely to be 
present, and the ions are divided up in 
such a way as to make them come out 
even. To us this approach can be misleading 
since the salts very probably do not exist 
as such. Instead, the ions are arranged in a 
crystal lattice whose physical pattern may 
be quite constant but whose exact ionic 
content may vary within large limits de- 
pending upon the conditions under which 
the crystallization was formed. We think it 
would be better to report the analysis in the 
form of totals of ions rather than as salts 
for these reasons. 

Hirota, ef a/.? report analyses for potas- 
sium, sodium and calcium in their case 
compared with similar analyses of a normal 
lung, and calcified tissue from a tuberculous 
lung. Their results are: 


Lung Tissue Percentage by Weight 


kK Na Ca 
Normal lung 0.24 
Tuberculous tissue 1 2.0-2.5 
Lung, their case .10 66 8.2 
Dry tissue, their case .10 76 9.4 


Neither the chemical analyses nor the 
spectrographic studies gave us any clues 
as to the etiology or mechanism of this 
disease but thev did give rise to interesting 
speculations.* 


DIFFERENTIAL DIAGNOSIS 


Many of the important points leading to 
a correct differential diagnosis have been 
mentioned above, but they are worth 
elaborating and emphasizing at this point. 
In a previous paper,” one of us has dis- 
cussed the great dificulty which faces both 
radiologist and internist when they find a 
diffuse or so-called miliary process in the 
lungs. It is easy to demonstrate the process 
roentgenographically and to follow its 
course, but often impossible to suggest 
an exact diagnosis either morphologically 


*For normal standards we used the tables published by 


Shohl. 
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or etiologically. Even with all of the his- 
tory, physical examinations and laboratory 
tests, the decision may still be impossible. 
The number and variety of miliary proceses 
in the lungs which simulate each other has 
been estimated as high as 60% and as low 
as 10." The true number of identifiable 
conditions varies, of course, depending on 
the excellence and completeness of the 
roentgen examination, the acumen and the 
experience of the observer, the thorough- 
ness of the history and the laboratory tests, 
and the changes which may occur with the 
passage of time. The most reliable method 
is pulmonary biopsy, provided the micro- 
scopic picture is recognized by a patho- 
logist who knows this disease. In these 44 
cases several instances have occurred where 
the histologic appearance was either un- 
recognized or misinterpreted. Many more 
mistakes were made, however, in assaying 
the roentgenograms. About half of them 
were called miliary tuberculosis and many 
other tentative diagnoses were made, vary- 
ing from lipiodol emboli in the lung, 
through pneumoconiosis and fungus in- 
fections to inhalation of chalk dust by the 
school teacher (Case 18). One of the best 
interpretations of the roentgenographic 
appearance was the one by Dr. George W. 
Holmes in 1931 (Case 17) who described 
the condition as “‘Pulmonary calcinosis.” 
This descriptive cognomen was repeated by 
Dr. Sidney Morrison in Case 1 in 1942 and 
is, in fact, still a good synonym for the 
process. Only in the past few years has the 
correct diagnosis been made from the 
roentgenograms, probably first by Mikhai- 
lov from Bulgaria in 1954, who was also 
the first to note familial occurrence. 

There are several exceptions to the 
general rule according to which diffuse 
miliary processes in the lungs are difficult 
to separate one from another and _ to 
identify by the roentgen examination alone. 
Pulmonary alveolar microlithiasis is one of 
them. There are certain characteristics of 
distribution of the lesions, their individual 
and total density and their particular 
anatomic detail and arrangement which 
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cannot be duplicated by any other disease 
as far as known at present. The clue to the 
correct interpretation is the demonstration 
and recognition of innumerable tiny gran- 
ules of calcific density diffusely and uni- 
formly spread throughout both lungs, 
less pronounced in the upper lung fields and 
most marked in the bases medially where 
the sum total of the calcific density usually 
obscures the borders of the heart and often 
also the diaphragms. Overexposed or over- 
penetrated films may be necessary to bring 
out the calcific density. In only one of our 
24 cases was there any doubt about the 
correct diagnosis on the original film, and 


that was in Case 12, in which a film of 


“soft”? penetration and blurred detail 
failed to reveal the characteristic shadows. 
The subsequent examination produced 
better roentgenograms and a_ categoric 
opinion that the patient had microlithiasis. 
Accessory, but not necessary to the diagno- 
sis, are the facts that there is nearly always 
a negative history of occupational exposure 
and of antecedent disease, little or nothing 
in the way of symptoms or disability, and 
completely negative physical examination 
and laboratory tests except in the terminal 
stage of the disease. This is the situation as 
of 1956 and it shall probably remain so 
until we discover the earlier stages of the 
disease before the calcium salts are de- 
posited in the alveoli, if such be the case. 
It might therefore seem superfluous to 
consider differential diagnosis in detail; 
nevertheless, since miliary processes in the 
lung are so numerous, more than cursory 
attention of the problem may be justified. 

It is possible to divide and separate the 
miliary lesions in several ways, on etio- 
logic basis for example, or by size of the 
lesions, distribution of density or even 
rapidity of change, but we doubt if any- 
thing is gained by so doing. They could be 
arranged by considering the frequency of 
their occurrence but that would vary in 
different parts of the world. They could be 
grouped according to the severity of 
symptoms they produced or in many other 
ways, probably at times with profit. Un- 
fortunately, many of them overlap arbitrary 
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divisions and artificial classifications so that 
we shall attempt to discuss the more com- 
mon, confusing processes first and more in 
detail, keeping the classic appearance of this 
disease always in mind for contrast. 

Miliary tuberculosis is usually given 
primary consideration when the roentgeno- 
gram uncovers a finely mottled diffuse pul- 
monary process. What we actually see in 
the roentgenogram, of course, are not the 
miliary tubercles but coalescent groups of 
them large enough to cast shadows. The 
distribution is rarely uniform throughout 
both lungs but will be lighter in places, 
coalescent or conglomerate in others, and 
it usually spares the extreme bases of the 
lungs. The coalescent nodules in the upper 
lung areas often are larger than those in 
the lower lung fields, as if older or more 
rapidly growing. Frequently there will be 
evidence of an older lesion, often the source 
of the hematogenous spread; at times just 
local fibrosis or coarser nodulation: at 
other times frank cavitation. In the latter 
case the interpretation is much. easier. 
Pleural fluid or old pleural scars are com- 
mon with miliary tuberculosis but rare in 
microlithiasis. Calcification in 
miliary tuberculosis, when it occurs, is 
usually limited to small areas where ne- 
crosis and caseation have preceded calcium 
deposition. So far, we have not vet seen 
extensive diffuse calcification in- miliary 
tuberculosis, but this may occur now that 
we have the curative drugs. Most, if not all, 
of the cases reported as healed (calcified) 
miliary tuberculosis have either been histo- 
plasmosis (calcified) or other fungus disease 
such as aspergillosis, occasionally pneumo- 
coniosis, hemosiderosis or, perhaps, a case 
of microlithiasis. 

What has been written above for miliary 
tuberculosis holds true for other pulmonary 
infections and, particularly, the fungus 
group which may end up with numerous 
calcified foci scattered through both lungs, 
shot-like in appearance, varying from fine 
bird shot (1-2 mm.) to small bullet (6-7 
mm.) size. They are often sharp and dictinet 
in outline, circular or oval in shape, with 
no adjacent fibrosis or scarring and no 
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distortion of normal anatomy. There may 
be and frequently are associated calcium 
deposits in the hilar and mediastinal 
lymph nodes and in the spleen, which us- 
ually are not involved in microlithiasis. 
These calcified foci may be numerous (25 
to 100) but are not “innumerable” as in 
microlithiasis, and are individually quite 
different in size and shape. They occur most 
commonly in our midwest valley areas, 
presumably due to Histoplasma capsula- 
tum infection in youth or possibly some 
other similarly mild fungus infection. As a 
rule, the host gives no history of previous 
pulmonary disease or 

The other infections and the infectious 
granulomata have no real similarity to the 
condition under consideration, as they are 
scattered nodular or coarse poorly-detined 
areas of exudate, infiltration or atalectasis 
of only soft tissue density. The same also 
holds true for the acute bronchiolitis or 
bronchopneumonias which follow inhala- 
tion of toxic gases or volatilized materials. 
In these cases, of course, the history of 
acute exposure is important. 

More difficult to differentiate are per- 
haps some of the pneumoconioses. Some of 
them, like berylliosis, may at first glance 
resemble microlithiasis until one analyzes 
the shadows and notes the absence of 
calcium in each sharply defined nodule. The 
lesions in berylliosis,?®:** silicosis,3? 49:51:59.6. 62 
asbestosis,* and bagassosis*! predominate 
in the upper halves of the lungs and around 
the hila, with normal or emphysematous 
bases. A history of occupational exposure 
may be obtained in most cases but may be 
dificult to verify in berylliosis. The most 
important factor is the absence of innumer- 
able very fine discrete shadows of calcific 
density. When calcification does occur in 
silicotic lungs it is usually located in and 
around hilar or mediastinal lymph nodes 
where it may produce the egg-shell ap- 
pearance observed most frequently in 
advanced silicosis, and less frequently in 
the pulmonary nodules unless tuberculosis 
is also present. 

The lesions due to industrial hazards of 
welding and of working with powdered tin 
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(tin oxide) and barium®! present other 
difficulties in differentiation. Films of the 
welders’ lungs”*3!:55 show numerous small 
scattered nodular shadows which are sharp 
in outline but of soft tissue density. They 
are, in effect, small granulomata around 
collections of iron oxide and possibly other 
metals vaporized by the high temperature 
of the welder’s torch. The condition may 
look serious but in most cases there is no 
disability and usually there are no dis- 
cernible symptoms. Calcium deposits do 
not occur in these granulomas. The de- 
posits may decrease or disappear if the 
exposure ceases.”° 

The inhalation of finely powdered tin 
oxide or barium gives rise to very opaque 
shadows in the lungs which could be mis- 
taken for microlithiasis. In these cases, 
however, the deposits are of metallic density 
like lead or bismuth, may be more linear 
and more irregular in size and shape, and 
have a peculiar distribution, predom- 
inantly in the upper two-thirds of the 
lungs, leaving the bases clear. Very few 
such cases have been reported from the 
United States*:* but recently an excellent 
article appeared in the Yournal of the 
Faculty of Radiologists by Robertson and 
Whitaker,” reporting 121 cases from the 
factories in Liverpool. Some of the dense 
pulmonary shadows were coarse and nod- 
ular, others were very fine, but the striking 
paradox was the absence of symptoms. Tin 
does not cause fibrosis or scarring in the 
lungs and thus is similar to siderosis. 
Chemical analysis of ashed lung in such 
cases shows as high as 20 per cent of the 
weight due to tin. This condition is one of 
the few which might cause real difficulty in 
differentiation from microlithiasis. Both 
present innumerable fine, sharply outlined, 
shadows throughout the lungs, and both 
are devoid of symptoms. The gross dis- 
tribution of the shadows, however, is at 
variance and there is a critical difference in 
the degree of density, corresponding to the 
difference between a calcium density and a 
metallic density. The distinction can be 
made if proper roentgenograms are taken 
and correctly analyzed. 
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Hemosiderosis has been confused with 
microlithiasis in several publications and 
even in textbooks, as noted above. The 
error has been made in both directions. 
Microlithiasis has been called hemosidero- 
sis, and cases of hemosiderosis have been 
included with microlithiasis on scanty his- 
tologic similarities, by neglecting character- 
istic roentgenographic appearances.!"™ 

As the radiologist sees it, pulmonary 
hemosiderosis occurs in two separate and 
distinctly different forms. One is the “‘idio- 
pathic” or acute form occurring in infancy, 
associated with hemorrhagic or hemolytic 
tendencies and probably due to a hyper- 
immune reaction or response. It 1s recur- 
rent in type and is usually fatal. The lungs 
show diffuse shadows suggesting edema or 
hemorrhage which may clear or change 
rapidly leaving multiple nodular areas 
behind. Following repeated attacks, the 
lungs may become progressively damaged, 
but they never show the minute sharp 
calcified microliths or, in fact, any calcitica- 
tion at all. An excellent description of the 
disease appeared recently by Bruwer, ef 
al.” in the AMERICAN JOURNAL OF ROENT- 
GENOLOGY, RapiumM THERAPY X NUCLEAR 
MepicineE and by others.?***"' The other 
form of pulmonary hemosiderosis occurs in 
patients with mitral stenosis of severe 
degree (valve area 1.0 sq. cm. or less). 
Hemosiderin is usually deposited in the 
minute lymphoid follicles, lymphatics and 
interstitial tissue, where it is gradually col- 
lected until it forms nodules which in some 
cases simulate miliary tuberculosis or other 
miliary diseases. These minute nodules 
may be sharp and clean cut, but they may 
easily be overlooked. There is no con- 
glomeration of shadows and little or no 
fibrosis around or between the nodules. 
They do not calcify but the larger deposits 
of iron attract calcium and there may result 
a finely mottled miliary lung with larger 
calcified foci, variable in size and shape but 
more like healed histoplasmosis than micro- 
lithiasis. In addition, the radiologist will 
see the enlarged mitral-shaped heart, the 
dilated left auricle, the calcified mitral 
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valve, and usually the other signs of 
chronic passive pulmonary congestion such 
as enlarged pulmonary arteries and Ker- 
lev’s 60,63 

Sarcoidosis has always been the proto- 
type of extensive pulmonary disease with- 
out corresponding symptoms and only as 
such does it resemble microlithiasis. The 
enlarged hilar or mediastinal lymph nodes, 
the soft fluffy pulmonary lesions of variable 
size and irregular distribution and the clear 
lung spaces just above the diaphragms 
should separate most of the cases. The 
absence of the fine calcified particles is 
again the critical distinguishing feature, 
More than half of the cases of pulmonary 
sarcoidosis occur in Negroes, while in the 
45 cases of microlithiasis only one has been 
identified in a Negro (Case 11). The 
tuberculin skin test is practically always 
negative in patients with active sarcoidosis, 
while it may be positive or negative in 
microlithiasis without significance. The in- 
verted albumin-globulin ratio often seen 
in sarcoidosis has not been found in micro- 
lithiasis, and sarcoid lesions rarely calcify, 
never to the extent seen in microlithia- 
46 

Miliary metastases to the lungs, either 
blood borne or by retrograde Iymphatic 
spread, may at times suggest other miliary 
conditions, but would never, or at least 
hardly ever, approach the uniformity in 
size and in distribution of microlithiasis. 
In addition, the critical point again is the 
calcific density of each individual microlith 
which is so distinctive. Metastases rarely 
calcify in the lungs or soft tissues with the 
exception, of course, of bone forming 
tumors. We formerly taught that this was 
the only exception to the rule, but in recent 
vears we have seen several cases of non- 
osseus tumors provoking visible calcitica- 
tion in the abdomen or in the liver. This 
was first noted in a cystadenocarcinoma of 
the ovary, later in adenocarcinoma of the 
pancreas, and more recently also in metas- 
tases from adenocarcinoma of the colon.’” 
None, however, have produced anything in 
the lungs which could be confused with 
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microlithiasis, provided good roentgen tech- 
nique has been employed. 

The same statements hold true in the 
cases of interstitial organizing pneumonitis 
and of idiopathic pulmonary fibrosis de- 
cribed by Hamman and Rich.*! They may 
each present considerable difficulty in 
exact identification and they may vary 
widely from the classic roentgen picture 
usually ascribed to them, but in no case so 
far have they approached the fine, discrete, 
sharp grains-of-sand appearance which 
characterizes this disease. Many other 
diffuse pulmonary conditions of rarer oc- 
currence, not truly miliary in appearance or 
distribution, could be included, such as am- 
vloidosis,"’ eosinophilic granuloma,” trop- 
ical eosinophilic lung, multiple emboli or 
thrombi, pulmonary adenomatosis, peri- 
arteritis,” various forms of collagen dis- 
eases and other responses to toxic gases or 
inhaled materials, but none of them really 
simulate our esoteric disease. Even the 
miliary nodulation sometimes observed in 
the rorentgenograms of patients with 
polycythemia or leukemia. fail to approach 
it. In fact, the only pulmonary condition 
which may simulate its roentgenographic 
appearance, in addition to stannosis al- 
ready mentioned, would be a residue of a 
lipiodol injection, where the metallic den- 
sity and fine particle formation might sug- 
gest minute calculi or the rare case of 
diffuse pulmonary emboli. Such a uniform 
distribution would be highly improbable 
and vet the remote possibility must be kept 
in mind. 

Some radiologists and “chest physicians” 
have failed to realize the importance and 
value of determining the relative density 
(opacity) of pulmonary lesions. Often they 
are reported only as either “soft” or 
“hard.”” These terms usually refer respec- 
tively to exudative or fibrotic processes and 
not to actual degrees of density. It is much 
better to search for and record the shadows 
in terms of standard densities as revealed in 
the particular film under consideration, for 
they vary considerably depending upon the 
technique used. The standards commonly 
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recognized are: (1) air density, (2) fat, (3) 
soft tissue, (4) calcium, and (5) metallic 
density. Tooth density lies between bone 
and metal but need not be considered here. 
These are the terms describing the gua/ity 
of the opacity and other measures must be 
used for the degree of density. The usual 
types of calcific densities seen are those in 
calcified lymph nodes, in arteriosclerotic 
arteries, healed foci of infection, infarction 
or necrosis anywhere in the body, some 
hematomata, many urinary and some 
biliary calculi and a host of other condi- 
tions. Shadows of metallic density ordi- 
narily seen in the human body are usually 
either the result of trauma or related to 
medication, such as barium, bismuth, io- 
dine, mercury, lead, thorium, and a variety 
of pills. If, therefore, the critical analysis of 
the miliary pulmonary shadows in the 
roentgenogram reveals fine discrete sha- 
dows of calcific density uniformly dis- 
tributed throughout both lungs, it is highly 
probable that the patient has pulmonary 
alveolar microlithiasis. 


ETIOLOGIC FACTS AND FANCIES 

Both the cause and the manner of pro- 
duction of these unusual microliths are 
unknown. No real clue to the origin, pre- 
disposing factors or method of formation 
can be found in the histories, examinations, 
laboratory tests, histologic studies or chem- 
ical analyses. The only established facts 
are that this rare condition may occur in 
young people, with no history or sign of 
antecedent disease, may lie dormant or 
latent for 10 to 25 years, and then reveal its 
presence by slowly increasing pulmonary 
insufficiency, with the associated changes 
of cyanosis, clubbing of the digits, poly- 
cythemia and finally death either from 
anoxemia or right heart failure. The major- 
ity of cases are discovered accidentally by 
routine roentgen examination. The only im- 
portant etiologic clue so far discovered is 
the fact that the disease occurs in families, 
which suggests some inherited abnormality 
or defect in pulmonary metabolism. 

Calcium salts are more soluble in acid 
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media and are more easily precipitated from 
alkaline solutions. Anything which pro- 
motes alkalinity at the alveolar interface 
where oxygen and carbon dioxide are ex- 
changed would promote the deposition or 
precipitation of calcium phosphate or 
carbonate. This ordinarily occurs most 
commonly in dead or necrotic tissue but 
can occur in normal tissue under condi- 
tions where the solubility product constant 
k=(Ca++)3X(P=)? (normally 36+) is 
exceeded or where local conditions promote 
a sudden shift toward the alkaline side. 
However, the problem of calcium deposi- 
tion i” tissues 1s not germane to the prob- 
lem, as the deposit is not in tissue but in an 
exudate or transudate in an otherwise 
presumably normal alveolus. The micro- 
liths are morphologically quite similar to 
corpora amylacea. Such corpora are con- 
sidered to be the laminated stagnation 
products of secretion in the prostate, and 
of exudate in the lungs.” Any number of 
injuries or insults to the alveolar walls 
could cause the exudate, but the real 
problem is to find out what causes the 
deposit of calcium phosphate and carbonate 
in the exudate. This is the problem still to 
be solved. 

Another interesting suggestion is that the 
formation of the microlith is due to an 
abnormality of carbonic anhydrase which 
plays an important part in the exchange 
of oxygen and carbon dioxide and probably 
also in maintaining normal balances be- 
tween the extremes of acidity and alkalin- 
ity. The enzyme could be deficient, in 
excess, or abnormal in function in order to 
disturb the balance. 

Given an exudate in the alveoli which 
under normal conditions would promptly 
be absorbed, the presence of some organic 
material normally found only in calcifying 
tissues or ossifying bone might lead to 
calcium precipitates. In many microliths 
there seem to be amorphous nuclei of un- 
known material, not cellular debris as far 
as we can tell. Chondroitin-sulphuric acid 
is such a chelating substance. Elastic 
fibers from tissue breakdown or collagen 


M. C. Sosman, G. D. Dodd, W. D. Jones and G. U. Pillmore 


June, 1957 


may cause the precipitation of hydroxya- 
patite 77 vitro from unsaturated solutions 
of calcium and_ phosphorus, but the 
mechanism of this reaction is still unknown, 

We can be reasonably certain that pul- 
monary alveolar microlithiasis is not due 
to an infection by any known bacteria, 
fungi or yeasts, nor is it due to inflamma- 
tion in the ordinary sense of the word. It 
is not the result of occupational exposure, 
not a tumor, not due to one of the collagen 
diseases or rheumatic fever, not a sequel of 
mitral stenosis or any known circulatory 
disturbance, and not an endocrine ab- 
normality. Neither is it one of the bizarre 
results of hypervitaminosis D* or other 
vitamin imbalance, nor the sequel to a 
combination of factors such as produced in 
nephrocalcinosis.?°:** There is no abnormal 
or unusual dietary factor demonstrable. It 
isnot the result of a reaction to any medica- 
tion or to injections as there is no common 
ground for such an assumption. The only 
theories remaining are that it is either a 
peculiar and unusual response possibly of 
the hyperimmune type” or that it is due to 
a congenital abnormality of oxygen-carbon 
dioxide exchange at the alveolar interface. 

The (1) long clinical course with pulmo- 
nary insufficiency occurring only years 
after recognition of the lesion roentgeno- 
logically, (2) the absence of tissue com- 
ponents in the concretions, (3) the normal 
appearance of the walls of alveoli contain- 
ing concretions early in the disease and 
(4) the lack of a constant relationship to 
inhaled particulate agents suggest that the 
components of the concretions are derived 
from the alveolar capillary circulation and 
that the ultimate changes in the alveolar 
walls, which lead to pulmonary insufficiency, 
are secondary to the prolonged presence of 
these presumably progressively enlarging 
concretions. Should this represent the 
pathogenesis, it would imply that if the 
process could be halted even though some 
concretions had already formed, the ulti- 
mate pulmonary insufficiency might be 
averted. 

There is at present no known form of 
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therapy to halt the progress of the disease 
or to cause remissions in its course. Treat- 
ment has been purely supportive and 
alleviative. Oxygen inhalation and corti- 
sone have given the best relief of symptoms 
but have had no effect upon the underlying 
condition. Our greatest hope at present is 
to discover the cause of this disease and 
then try to prevent it. 


SUMMARY 


Pulmonary alveolar microlithiasis 1s 
not as rare as it was thought to be. We 
have found 21 acceptable cases reported in 
the world literature to date. We personally 
know of 25 more unpublished cases; 23 of 
them are included in this report. 

The etiology is unknown. The absence 
of the usual precipitating factors and the 
high incidence of familial occurrence 
strongly suggest an hereditary factor. Thir- 
teen of our 23 new cases occurred in five 
families. 

3. The condition could be due to an in- 
born error of respiratory metabolism at the 
alveolar interface, possibly an enzyme 
fault. 

The disease may be and usually 
asymptomatic for years. It is most often 
discovered by “routine” chest roentgenog- 
raphy. 

5. The roentgenographic appearance is 
characteristic and pathognomonic. Over- 
exposed or overpenetrated films are neces- 
sary to demonstrate the fine sand-like 
particles spread uniformly throughout both 
lungs, of calcific density, with only slight 
variation in size, sometimes accentuated 
along the pleural surfaces, but not con- 
glomerate or coalescent. The total density 
of the millions of microliths is frequently 
sufficient to obscure the outlines of the 
heart and the diaphragm. 

6. Once seen it is readily 
This again proves that 
we look for; 
know.” 


recognized. 
“we see only what 
we recognize only what we 
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TUBERCULOMAS AND HAMARTOMAS OF THE LUNG* 
COMPARATIVE STUDY OF 66 PROVED CASES 
By JOHN M. BLEYER, M.D., avd JOSEPH H. MARKS, M.D. 


BOSTON, MASSACHUSETTS 


CCORDING to large surgical statis- 
tics!" tuberculomas and hamartomas 
are the most common solitary, spheroid 
lesions of the lung in persons under the age 
of fifty. In the older age groups they are 
preceded in frequency by malignant tu- 
mors. Their incidence will increase with the 
ever increasing number of photofluoro- 
graphic surveys and routine roentgenologic 
examinations of the chest. The aim of this 
paper is to call attention to certain less 
commonly observed variations in the roent- 
gen appearance of these lesions as found in 
a large, surgically proved series. Further- 
more, it will be shown under what condi- 
tions hamartomas of the lung can be difter- 
entiated from tuberculomas on roentgen 
evidence. 

A tuberculoma’ is a tumor-like granu- 
loma caused by the tubercle bacillus, en- 
capsulated by connective tissue and show- 
ing no evidence of surrounding inflamma- 
tion or spread. It may arise either from a 
primary or reinfection focus by encapsula- 
tion or from a completely blocked tuber- 
culous cavity. Rarely, multiple tuber- 
culomas have been described.*:'® 

Albrecht! defined hamartoma as a tumor- 
like formation in which there is an abnormal 
arrangement of the normal components of 
the organ from which it arises. The ab- 
normality may take the form of a change 
in quantity, arrangement or degree of 
differentiation or may comprise all three 
phases. Hamartomas may be found in al- 
most any organ. In the lungs there are two 
types!” of hamartomas: (1) the adult type, 
which is a relatively small lesion, and (2) 
the infant or newborn type, which is a 
massive, diffuse process often occupying a 
lobe or even an entire lung. 

Hamartomas of the lung have been vari- 


ously reported'*® as papilloma, fibroadeno- 
ma, mixed tumor, hamartoma chondro- 
matosum, chondroma, adenochondroma 
and lipochondroma. 


MATERIAL AND METHODS 


Between 1945 and 1955, there were 43 
patients who were operated upon for 
tuberculomas and g0g patients for other 
tuberculous lesions of the lungs at the New 
England Deaconess Hospital, Boston, 
Massachusetts. During the same eleven- 
vear period, 25 patients underwent resec- 
tion for pulmonary hamartomas. In four 
more patients, hamartomas were incidental 
findings at surgery performed for other 
reasons. 

This study is based on 41 cases of tuber- 
culoma and 25 cases of hamartoma in 
which the preoperative roentgenograms 
were available for review. The roentgeno- 
grams were usually taken in the postero- 
anterior and lateral or oblique views. 
Laminagrams of 6 patients were also avail- 
able in the tuberculoma group. A few pa- 
tients also had bronchograms. In each 
case the roentgen evidence was correlated 
with the clinical and histologic findings. 

RESULTS 

We observed 52 tuberculomas in the 
lungs of 41 patients, 21 men and 20 women, 
all white, aged twenty-six to seventy-four, 
with an average age of 46.7 years. Their 
age distribution is recorded in Table 1. 
While 33 patients had a single lesion, 6 
patients had two, 1 patient three (Fig. 1) 
and 1 patient had four tuberculomas (Fig. 
2), as demonstrated on roentgenograms 
taken prior to surgery. Tubercle bacilli 
were found in the sputum of 3 and in the 
excised tuberculoma of 8 patients. These 


* From the Department of Radiology of the New England Deaconess Hospital, Boston, Massachusetts. 
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TaABLe | 
AGE DISTRIBUTION OF PATIENTS WITH PULMONARY TUBERCULOMAS AND HAMARTOMAS 

Age 21-30 31-40 51-60 61-70 71-80 Total 

(yrs.) 
Cases of 

tuber- 

culoma 7 (17 per cent) 8 percent) g (21.g percent) 12 (29.2 percent) 4 (9.7 percent) (2.4 per cent) 41 
Cases of 

hamar- 

toma 1 (4 per cent) 6 (24 per cent) 12 (48 per cent) § (20 per cent) 1 (4 per cent) rs 


patients will be referred to as the “positive”’ 
group. 

All tuberculomas in this series were well- 
circumscribed and subpleurally located. 
On the posteroanterior roentgenogram they 
appeared in the lateral lung fields in 29 
patients and close to the hilus in 12. Their 
lobar distribution is recorded in Table 11. 
No perifocal reaction was seen. On the 
other hand, in g patients, 7 of whom were 
“positive,” the drainage channels to the 
hilus were accentuated (Fig. 3)—a char- 


acteristic not seen with hamartomas. In 
only 1 patient was the tuberculoma part of 
an advanced pulmonary tuberculosis. So- 
“satellites” or daughter tubercu- 


called 


Fic. 1. Three tuberculomas in the left lower lobe of a 
recently discovered diabetic. Laminagram taken 
at 10 cm. shows a calcific core in the upper and 
lower nodule. 


lomas (Fig. 4) were seen on the roentgeno- 
grams in only 2 patients while the surgical 
specimen revealed them more often. On the 
other hand, translucent areas (Fig. 3) with- 
in the tuberculoma were seen in 14 patients 
(34.1 per cent); in 2 instances they were 
also shown on laminagrams, although the 
excised and fixed specimen revealed no 
cavitation. In 1 case, the routine poster- 
anterior roentgenogram showed a definite 
“umbilication” which, at the pathologic 
examination, turned out to be due to the 
partially superimposed shadow of two tu- 
berculomas. No laminagrams were taken in 
this case. Definite lamination on routine 
films was seen only twice. 

In the posteroanterior projection the 
tuberculomas appeared oval in 21 instances 
and round in 27, their size ranging from 0.§ 
by 0.5 cm. to 3.5 by 5.0 cm. In the “‘posi- 
tive” group the size ranged from 1.0 by 2.0 
cm. to 3.5 by 5.0 cm., thus tending to be 
somewhat larger than in the negative group. 

In 23 patients (56 per cent), the tubercu- 
loma was clinically silent and was dis- 
covered on routine or survey chest films. In 
14 patients (34.1 per cent), the history and 
the symptoms were referable to tuberculo- 
sis. In only 4 patients (9.9 per cent) were 
the history, symptoms and the physical 
signs suggestive of tuberculosis. Of the 11 
“positive” patients 3 were asymptomatic 
and were discovered by routine roentgeno- 
grams, 5 had a history and symptoms sug- 
gestive of tuberculosis while 3 had the his- 
tory, symptoms and physical signs of 
pulmonary tuberculosis. Of the 8 patients 
who had more than one tuberculoma, 3 had 
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Fic. 2. Case 1. Female, aged thirty-nine, had right mastectomy in 1946. She was exposed to tuberculosis 
about the same time. Right lower lung field appeared clear in 1947, showed one nodule a year later and 
three in 1951. 


a suggestive history, 4 had mild symptoms 
and none had physical signs referable to 
pulmonary disease. It is noteworthy that 
while there was only 1 diabetic among 25 
patients (4 per cent) with pulmonary 
hamartoma, there were 8 diabetics among 
41 patients with tuberculoma (19.5 per 
cent), 4 of them being “‘positive.”” Further- 
more, 3 tuberculoma patients, 1 “positive” 
and 2 negative, had mitral stenosis. 
Calcification was seen in the tubercu- 
lomas of 11 patients (26.8 per cent); in only 
| of them were laminagrams taken which 
revealed calcification not seen on the 
routine films. The calcification was diffuse 
in t case, had the appearance of a round 
central core in 1 instance, while in g cases 
small flecks of calcium were scattered with- 
out a definite pattern. Only 1 of the “‘posi- 
tive” cases had demonstrable calcium. 


The tuberculomas were removed by 
wedge resection in 26 patients, by segmental 
resection in 10, by lobectomy in 4 and by 
pneumonectomy in 1. The last patient had 
advanced tuberculosis. Lobectomies were 
performed either because of technical dif- 
ficulties or because the gross appearance of 
the nodule suggested malignant neoplasm. 

Documented chronologic data on the 
development and course of tuberculomas 
were available in 2 patients of this series 
and in one additional patient (Case 111) who 
did not have surgery but was observed dur- 
ing the same period of time and presented 
the typical complication of tuberculomas. 


REPORT OF CASES 


Case 1. B.B., a thirty-nine year old white 
nurse, had chest roentgenograms taken six 
years previously because of exposure to tuber- 


TasB_e II 


LOBAR DISTRIBUTION OF LUNG TUBERCULOMAS AND HAMARTOMAS 


Right 
Upper 


Lobe 


Number of tuberculomas 4 
Number of hamartomas 


Right Right Left Left 


Middle Lower Upper Lower Total 
Lobe Lobe Lobe Lobe 
I 12 18 17 52 
4 3 II 8 25 
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Fic. 3. Tuberculoma in the left upper lobe of a diabetic. Translucent areas in the tuberculoma 
and drainage channels to the hilus are well seen. 


x 


culosis. These roentgenograms were said to be 
negative. About the same time, she had a right 
radical mastectomy for cancer. Two years 
later one round nodule appeared in the right 
lung. On admission, chest roentgenogram 
showed four nodules (Fig. 2). She was well 


Fic. 4. Tuberculoma in the lingula with character- 
istic “‘satellites’’ around it. 


clinically and the physical examination was 
negative. Exploration revealed seven nodules, 
1 to 2 cm. in diameter, scattered over all three 
lobes on the right. Right lower lobectomy and 
wedge resection of the middle and upper lobe 
were performed. The nodules proved to be 
tuberculomas histologically though no acid 
fast bacilli were found. A lobular lymph node 
also showed tuberculosis. 


Case ut. M.B., a twenty-six year old white 
housewife, was exposed to tuberculosis eight 
years previously. A “growing nodule” was 
noted about four years later in her right lung. 
Pneumothorax and pneumoperitoneum had 
failed. Two and one half years prior to her 
present admission roentgenograms of the chest 
revealed a smooth, homogeneous nodule, 1.5 
cm. in diameter, in the left upper lobe and 
three similar nodules in the right upper lobe. 
Kirst, the nodules on the right were excised. 
Six months later the nodule on the left side, 
which had increased from 1.5 to 3 cm., 
resected. Histologically, the nodules were tuber- 
culomas. 

On admission, the patient was clinically 
well and symptom free. Physical examination 
was negative except for auscultatory findings 
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Fic. 5. Case 1. Tuberculous spread from a tuberculoma, eighteen months after its discovery. 


consistent with mitral stenosis. Chest roent- 
genograms, taken twenty-three months after 
her second operation, revealed two round 
shadows beneath the anterior end of the second 
rib, measuring 1.8 and 3 cm. in diameter, re- 
spectively. The nodules, found in the anterior 
segment of the right upper lobe and in the 
superior segment of the right lower lobe, were 
excised. Histologic examination showed tuber- 
culomas containing acid-fast organisms. 


Case in. A.A., a sixty-three year old white 
housewife, had had diabetes for twenty-one 
years. A round nodule in the right upper lobe, 
2 cm. in diameter, was discovered on routine 
roentgen examination. It was unchanged one 
year later but broke down and spread eighteen 
months after its discovery (Fig. 5). 


Hamartomas were found in 14 men and 
11 women, all white, aged thirty-eight to 
seventy-one, with an average age of §¢.1 
years. The age distribution of the patients 
is seen in Table 1. 

All hamartomas in this series were 
solitary, sharply delineated, and without 


any roentgenographic signs of perifocal re- 
action (Fig. 6). In 20 patients they were 
situated within the lung parenchyma and 
close to the pleural surface. Their lobar 
distribution is seen in Table u. In the re- 
maining § patients the hamartomas were 
found in a major bronchus, three times in 
the left upper lobe and once each in the left 
lower and right middle lobe. 

The hamartomas of the parenchyma ap- 
peared on the posteroanterior roentgeno- 
grams peripherally in 15 cases and more 
centrally in 5 cases. They were ovoid in 11 
and spherical in g instances. The nodules 
measured from 0.§ to 4.5 cm. in diameter. 
Increase in size of the nodule was noticed in 
1 patient (Fig. 7). Calcification was defi- 
nitely present in the roentgenograms of 3 
patients (15 per cent). Translucent areas of 
2 to 3 mm. in diameter were seen in two 
nodules (10 per cent). 

The intrabronchial hamartomas caused 
atelectasis of the respective pulmonary seg- 
ment (Fig. 8). The mass causing the ob- 
struction was not visible on the plain roent- 
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Fic. 6. Hamartoma in the right middle lobe, sharply 
delineated, without perifocal reaction, and with 
calcification. 


genograms. Three of the ¢ patients with 
such obstruction were bronchoscoped prior 
to surgery. In 2 the hamartoma was seen, in 
the third bronchoscopy was unsuccessful 
but the subsequent bronchogram (Fig. 9g) 
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revealed the hamartoma as a mass protrud- 
ing into the lumen of the lower lobe bron- 
chus. 

The intrabronchial hamartomas were ac- 
companied by clinical symptoms and signs 
such as cough and expectoration in 4 pa- 
tients and hemoptysis in 1. The parenchy- 
mal hamartomas, on the other hand, were 
clinically silent and were detected during 
survey or routine roentgenologic examina- 
tions. 

The parenchymal hamartomas were re- 
moved by wedge orsegmental resection in 18 
patients, while lobectomy was done in 2 be- 
cause the frozen sections seemed to indicate 
malignant neoplasm. The intrabronchial 
hamartomas necessitated lobectomy in 3 
patients and pneumonectomy in 2. 


DISCUSSION 


Mycobacterium tuberculosis was found 
in 11 of our tuberculoma patients. Prob- 
ably, by culturing the resected specimens 
the incidence would have been higher. But 
even with complete bacteriologic studies, 
including cultures of the removed gran- 
uloma, as done by Good, ef a/.’ on 53 
granulomas, the causative agent could not 
be identified in their series in 42; Myco- 
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Fic. 8. Partial atelectasis of the left upper lobe due to an intrabronchial hamartoma. 


bacterium tuberculosis was recovered in 7, 
Coccidiodes immitis in 3 and Brucella suis 
in I case. On the other hand, the close 
similarity in roentgen appearance, clinical 
course and surgical results, as well as the 
statistical prevalence of tuberculous gran- 
ulomas, seem to warrant calling the gran- 
lomas of our series, at least for practical 
purposes, tuberculomas. This was also the 
working diagnosis in all cases where a 
granuloma was suspected preoperatively. 
Certain phases of the natural history of 
a tuberculoma are well illustrated by our 
cases. In Cases 1 and 11 the first tubercu- 
lomas appeared about two to four years 
after exposure. They first remained clini- 
cally silent. It took one and one half to four 
years for the development of several tu- 
berculomas in the same patient, six months 
to double the size of one tuberculoma, and 
twenty-three months for recurrence in the 
same and in an adjacent lobe following 
surgery for preceding tuberculomas. How 
often recurrences took place in our entire 


Kic. 9. Hamartoma bulging 
the left lobe bronchus. 
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group is not known since we did not at- 
tempt follow-up investigations. Nor did 
we find any references in the literature 
pertaining to recurrence of tuberculomas. 

The tuberculoma probably represents the 
most benign form of tuberculosis and in its 
early stages is rarely if ever accompanied by 
advanced tuberculosis. Such occurred only 
once among our 4! patients. This is perhaps 
due to the fact that with a few exceptions 
the patients in this series had their tuber- 
culomas removed soon after they were dis- 
covered. The benignity of tuberculomas, 
however, is relative and lasts only until 
their capsule breaks down, or until the 
cavity which precedes some of them re- 
opens. They then discharge their contents 
into the bronchial tree as occurred in 3 
of our patients. 

When will a pulmonary tuberculoma 
break down? This varies greatly from in- 
dividual to individual. Rittimann and 
Suter,'® in a follow-up study of 77 patients 
with 87 pulmonary tuberculomas, followed 
over one to ten years, found that 40 tuber- 
culomas (46 per cent) did break down. Al- 
though this occurred mostly within three 
to twelve months following their discovery, 
in some instances reactivation set in as late 
as nine years. Thus, to label tuberculomas 
“time bombs” seems quite appropriate. 
That tuberculomas do not remain un- 
changed indefinitely is probably the reason 
why they are rarely found incidentally at 
autopsies.) !6 

Many tuberculomas have in common 
with hamartomas and other solitary nod- 
ular densities of the lung the average size, 
shape, sharp border and subpleural loca- 
tion. If they contain calcium, they are read- 
ily distinguished from all primary carci- 
nomas and from almost all metastatic tu- 
mors. If laminagrams had been taken more 
often, probably the incidence of calcifica- 
tion in our series (26.8 per cent) would be 
higher. Black and Ackerman,’ and Gren- 
ville-Mathers* found an even lower inci- 
dence of calcification. It is noteworthy, 
however, that calcification was seen in only 
1 patient of the “positive” group. Thus, the 
presence of even small flecks of calcium 
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seems to indicate that the process is rela- 
tively inactive. 

Radiolucent areas, usually a few milli- 
meters in diameter, are a rather common 
and characteristic feature of tuberculomas. 
They were present in 14 of our patients 
(34.1 per cent). That such radiolucent 
areas were not always demonstrated by the 
pathologist is perhaps due to shrinkage of 
the tissue during fixation. The areas are 
frequently of a stellate shape, and probably 
should not be thought of as ‘‘cavities” 
except when they are relatively large or 
when they show a fluid level, thus indi 
cating bronchial communication. 

So-called “satellites,” or daughter rod- 
ules, are characteristic of tuberculomas. 
They were encountered more often in the 
surgical specimen than seen roentgeno- 
logically. The discrepancy is probably due 
to their small size. Here again, laminag- 
raphy might help in discovering these 
nodules not seen ordinarily. 

Of great importance, when present, Is the 
accentuation of the lymph channels to the 
hilus which was seen in 2 negative and 
7 “positive” patients. 

Pulmonary hamartomas are_histologi- 
cally benign. In a review of more than 100 
cases collected from the literature, Carlsen 
and Kiaer? did not find a single proved case 
of a malignant, metastasizing hamartoma. 
Rarely, hamartomas will grow slowly as in 
1 of our patients (Fig. 3). The incidence 
rate of growing hamartomas would prob- 
ably be higher if serial roentgenograms had 
been available as in 10 patients of Weisel, 
et in whom the hamartomas were 
definitely enlarging and in 9g patients gave 
the clinical impression of bronchogenic 
carcinoma. But even these enlarging ham- 
artomas have shown no lymph node metas- 
tases, no multiplicity nor recurrence. 

Parenchymal hamartomas are readily 
discovered roentgenographically if they are 
at least 0.5 cm. in diameter, not obscured 
by other lung lesions, and if films are taken 
in at least two positions. 

In our series of hamartomas there was 
only a slight preponderance of men over 
women. Others found the ratio of men to 
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DIFFERENTIATION OF PULMONARY TUBERCULOMAS AND HAMARTOMAS 


Tuberculoma 


1. Age under forty 
lesions to the hilus 
. Multiple lesions 
. Daughter nodes (“‘satellites’’) 
Translucent areas 
6. Calcification 


me 


common (36.5 per cent) 
2, Prominence of strands from the relatively common (21.9 per cent) not observed 


Hamartoma 


uncommon (4 per cent) 


relatively common (1g.§ per cent) not observed 
occasional (4.8 per cent) 
relatively common (34.1 per cent) occasional (10 per cent) 

rare in “positive” cases, relatively relatively common (15 per cent) 


not observed 


common in negative cases (26.8 


per cent) 


women 2.$:1 to The age distri- 
bution was significant only inasmuch as 
there was only I patient under forty years 
of age. Other authors have observed a 
similar age incidence. The lobar distribu- 
tion showed a preference for the left side. 
Others have found either no preponderance 
of a certain side’ or one of the right 

The size, shape, sharp delineation and 
homogeneous appearance on the roentgeno- 
grams are not exclusive characteristics of 
hamartomas. Tuberculomas, primary car- 
cinomas of the peripheral type, metastatic 
tumors, chronic lung abscesses, infected 
cysts and infarcts may have the same ap- 
pearance. Nor is calcification of much 
diagnostic help. Ever since the roentgeno- 
graphic studies of Hickey and Simpson® in 
1926, the tendency of these tumors to 
calcify has been stressed. However, more 
recent reports’ have pointed out that 
calcification may not be demonstrated even 
by laminagraphy in one third to two thirds 
of the cases. We found calcification in 15 
per cent of our cases on routine films where 
it is often difficult to determine whether a 
calcific density is inside of or just super- 
imposed on a hamartoma. Therefore, we 
considered calcium to be present in a ham- 
artoma, as well as in a tuberculoma, only 
if it was seen within the mass in at least two 
views. Admittedly, laminagraphy would 
probably have increased our chances to 
observe calcification. 

Hamartomas may be present in the lung 
when there is malignancy elsewhere in the 


body, including the lungs. We observed 4 
such cases: In 2 instances the same lung 
lobe harbored a bronchogenic carcinoma 
and a hamartoma; in the third case a ham- 
artoma was found in the same lobe with a 
metastatic fibrosarcoma, while in the fourth 
case carcinoma of the esophagus was ac- 
companied by a hamartoma in the left 
lower lobe. In 2 instances the hamartomas 
measured less than 0.5 cm. in the surgical 
specimen and were not seen on the pre- 
operative roentgenograms. In the other 2 
cases, the preoperative roentgenograms 
were not available for review. A similar 
case was reported by Davidson and Stern*® 
who observed a hamartoma simulating 
ipsilateral metastasis of an epidermal car- 
cinoma of the left upper lobe. Thus, in a 
cancer patient, not every lung nodule 
means metastasis, as shown in Case 1. 

Table 111 summarizes the main features 
in the roentgen appearance of pulmonary 
tuberculomas and parenchymatous ham- 
artomas, and indicates their points of differ- 
ence. More frequent use of laminagraphy, 
plus careful correlation of the history and 
of bacteriologic study of the sputum may 
aid in further differentiation of these le- 
sions. 


SUMMARY 


The roentgen characteristics of 52 pulmo- 
nary tuberculomas occurring in 41 patients 
and 25 pulmonary hamartomas (20 pa- 
renchymal and § intrabronchial) are pre- 
sented and correlated with the clinical, 
surgical, and histologic findings. Certain 
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phases of the natural history of tubercu- 
lomas, as demonstrated by single and 
multiple lesions and seen in serial roent- 
genograms, are described. It was found that 
tuberculomas possess some characteristics 
which, if present, may aid in their roentgen 
differentiation. 


Joseph H. Marks, M.D. 

New England Deaconess Hospital 
Department of Radiology 

185 Pilgrim Road 

Boston 15, Massachusetts 


Thanks are due to Drs. L. Benson, P. F. 
Butler, R. H. Overholt, and L. L. Robbins for 
the use of their preoperative roentgenograms. 
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and 
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HE solitary circumscribed nodular 
lesion in the lung, the so-called coin 
lesion, has become more important di- 
agnostically to physicians in recent years 
because of the roentgenograms of the 
thorax obtained in mass surveys and 1n con- 
junction with routine physical examina- 
tions. The discovery of such a silent lesion 
immediately raises the question of its 
pathologic nature. Is the lesion benign or 
malignant? What diagnostic procedures 
should be carried out? How reliable are 
they, and to what extent should they be 
pursued? Should exploratory thoracotomy 
be done in all cases so that miscroscopic 
examination of the tissue can be made? 
A study of 156 cases of solitary nodular 
lesions removed surgically at the Mayo 
Clinic during the period January 1, 1940, 
to June 30, 1951, was made by Good, Hood 
and McDonald.’ They concluded that the 
the only reasonably reliable sign of benig- 
nancy was the demonstration of calcification 
by roentgenologic study. Because of the 
significance of their observation, a further 
study of calcification of such lesions seemed 
warranted. 


LITERATURE AND DISCUSSION 
OF THE PROBLEM 
The variation of incidence of malignancy 
In asymptomatic solitary nodular lesions 
from 17 to 78 per cent in the published 
series is misleading. The factor of age and 
classification must certainly be taken into 


account. The lowest percentage (17 per 
cent), reported by Effler and co-workers,° 
was obtained from study of a group of 
patients who were young men in military 
service. The majority of patients studied 
by other authors were in the cancer age. 
Good, Hood and McDonald? found that the 
incidence of malignant lesions was 25 per 
cent for the fourth decade, 27 per cent for 
the fifth decade, 40 per cent for the sixth 
decade, and 54 per cent for the seventh 
decade. They pointed out that often these 
lesions are removed because of the possibil- 
ity of malignancy and that, because of the 
tendency of physicians to observe lesions in 
younger patients by means of seria! roent- 
genograms, the average age of patients 
included in most reports is that age in 
which malignant lesions are commonly 
found. O’Brien and his co-workers™ stated 
that age should not be considered a factor 
in diagnosis, since they found carcinoma of 
the lung in young individuals. 

The classification of tumors also influ- 
ences the statistics to some extent. The 
inclusion of adenomas with malignant le- 
sions raises the percentage of malignancy. 
These properly should be included, for, as 
McBurney, Kirklin and Woolner® have 
pointed out, metastasis has been found to be 
present in about 10 per cent of the cases of 
adenoma of the lung reported in the litera- 
ture. 

It seems justifiable to include metastatic 
lesions with the primary pulmonary lesions 


* Abridgment of thesis submitted by Dr. O'Keefe to the Faculty of the Graduate School of the University of Minnesota in partial 
fulfillment of the requirements for the degree of Master of Science in Radiology. 
} The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the University of Minnesota. 
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for statistical purposes, for in many in- 
stances the presence of a solitary asympto- 
matic nodular lesion is the only sign of a 
primary lesion situated elsewhere in the 
body, and its removal had led to the correct 
diagnosis. 

Even though statistical discrepancies 
occur, it is acknowledged that the isolated 
solitary nodule in the lung is malignant in a 
sufficiently high percentage of cases to 
justify surgical exploration unless the evi- 
dence in favor of the lesion’s being benign 
is overwhelming. 

The presence of calcification, as evi- 
denced by roentgenologic studies, has been 
interpreted by several authors'?* to mean 
that the lesion is benign. On the other hand, 
O’Brien, Tuttle and Ferkaney" stated that 
“carcinomas can arise about a Gohn 
tubercle and old long standing pyogenic 
abscesses of the lung may contain calcium 
in their centers and in their walls.” This 
fact has been pointed out by other authors, 
notably Woodruff and Nahas," who sug- 
gested that calcified tracheobronchial 
lymph nodes might make an area in the 
lung more susceptible to the development 
of a carcinoma. 

Thomsen and Chrom"™ reviewed the 
literature on the problem of cancer versus 
tuberculosis and concluded that the finding 
of a tumor arising from a tuberculous lesion 
is probably coincidental. Other authors 
also have pointed out that a primary or 
metastatic tumor may be seen in close 
association with, or to have engulfed, an 
old calcified inflammatory focus. That 
malignant tumors also may undergo necro- 
sis and calcify is a_ well-established 
fact.2: 1.15 

That benign lesions calcify was pointed 
out in an early study by Graham and 
Singer® at a time when nodular lesions in 
the lung were first being attacked surgi- 
cally. They described the removal of three 
benign tumors which were associated with 
cough and expectoration; two of these 
tumors showed evidence of dense calcifica- 
tion. The calcification of one was described 
as being laid down between concentric 
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rings of fibrous tissue. All were bacterio- 
logically negative. 

Good, Clagett and Weed? in a study of 6¢ 
cases of pulmonary granuloma, removed 
surgically at the Mayo Clinic, found pre- 
operative roentgenographic evidence of 
calcification in 13. In five additional cases 
evidence of calcification was found in the 
roentgenogram after pathologic examina- 
tion of the specimen. A characteristic laver- 
ing of the tissue in concentric rings was ob- 
served in 13 of the pathologic specimens, 
five of which showed roentgenologic evi- 
dence of calcification preoperatively. This 
supports the work of Graham and Singer.® 
Good and associates* reported that 20 of 
65 granulomas in their series had a lam- 
inated appearance roentgenologically. They 
described this characteristic by saying that 
“the shadow of the mass looks as if the tis- 
sue had been laid down in layers, with some 
of the layers being more dense than others.” 
They found this characteristic only in the 
granulomas and believed this feature to be 
a mark of calcification. 

Lemon and Good!’ studied 17 ham- 
artomas removed surgically at the Mayo 
Clinic and found calcification in 11 (64.7 
per cent). They reported that only two of 
these lesions gave roentgenologic evidence 
of the popcorn appearance described by 
other authors as typical of hamartoma. 
They pointed out that the preoperative 
roentgenograms in 11 of the 17 cases 
studied gave no evidence or insufficient 
evidence that calcification present 
within the tumor mass. 

Bloch® stated that the term “‘calcifica- 
tion’”’ as used in roentgenologic diagnosis is 
arbitrary. Absence of a certain degree of 
density in any roentgenographic shadow 
does not rule out the presence of fairly 
abundant calcification. He showed 
experimentally that in order to produce the 
degree of density customarily attributed to 
calcification, a lesion had to be packed 
with calcium. 

Many authors have expressed the view 
that some form of body-section roentgenog- 
raphy, such as laminagraphy, should be 
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employed as part of the examination when- 
ever evidence of calcification of a solitary 
mass is lacking in plain, stereoscopic, and 
Bucky roentgenograms of the thorax. 


PURPOSE, MATERIAL AND METHODS USED 
IN THE PRESENT STUDY 

This present study was undertaken to 
determine whether calcification may be 
present in a greater percentage of the 
solitary nodular lesions of the lung than has 
been detected on the usual preoperative 
stereoscopic and lateral roentgenograms, 
and to learn whether special studies, as by 
laminagraphy, would increase the incidence 
of detection of calcification in these lesions. 

Material Studied. \n 149 of the 156 cases 
reported by Good, Hood and McDonald,* 
pathologic specimens were available for 
further study, the specimens in the other 
seven cases having been destroyed by prior 
pathologic sectioning or bacteriologic ex- 
amination. To this group of 149 cases we 
added cases in which pulmonary operations 
were performed at the Mayo Clinic for an 
isolated solitary nodule or circumscribed 
mass from July 1, 1951 to December 30, 
1952. There were 65 of these cases with 58 
specimens available for study. Selection was 
according to the method used for the initial 
cases:' A mass appeared to be in the 
substance of the lung and was the only 
roentgenologic evidence of significant pul- 
monary disease. The mass was not asso- 
ciated with the picture of obstruction of a 
bronchus and showed no evidence of cavi- 
tation. A total of 207 specimens removed at 
operation in 207 cases were available for 
this study together with the preoperative 
roentgenograms of the thorax in the 207 
cases. 

Roentgenograms were made of each of 
the 207 specimens without intensifying 
screens. The technique was modified to fit 
the thickness of the specimen. In all the 
lesions showing calcification, the mass was 
carefully dissected away from its surround- 
ing lung substance, preserving any capsule 
present with the lesion. These specimens 
were washed carefully under a stream of 
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water to remove dirt and oil from their sur- 
faces. Roentgenograms of the enucleated 
and washed specimens were made using the 
same technique as before. The calcified 
areas were cut from the specimens and sec- 
tions for microscopic study were made from 
all the blocks sectioned and stained with 
hematoxylin and eosin. To study the type 
of calcification present, the sections were 
stained for calcium after the method of von 
Kossa. 

The case reports were reviewed for perti- 
nent data. 


REPORT OF ILLUSTRATIVE CASES 


ive cases will be reported briefly to show 
the type of lesion and the operative find- 
ings. 


Case 1 (Fig. 1 and 2). A fifty-nine year old 
white man came to the clinic because of a 
nodular lesion in the thorax picked up on a 
routine examination in October, 1952. The 
patient had an attack of flu followed by a pro- 
ductive cough in September, 1952, but the 
cough and expectorations had subsided by the 
time he was examined several weeks later. 
Stereoscopic posteroanterior and lateral roent- 
genograms of the thorax (Fig. 14) revealed a 
nodule, 3 cm. in diameter, in the right lung 
field containing central calcification. Lamina- 
grams (Fig. 14) revealed minimal laminated 
calcification and the diagnosis of granuloma 
was made. Tests with second-strength PPD 
tuberculin gave 2+ positive reactions. Four 
specimens of sputum were negative cytologi- 
cally. A segmental, V-shaped resection of the 
lung was performed. The pathologic diagnosis 
was laminated calcified granuloma (Fig. 2). 
Cultures of the removed specimen were nega- 
tive for tuberculosis, Brucella, and fungi. 


Case tt (Fig. 3 and 4). A fifty-five year old 
white woman was found to have a circum- 
scribed mass containing calctum in its center 
in the right lower part of the lung field during 
routine examination at the clinic in April, 
1944 (Fig. 3a). The lesion was believed to be a 
hamartoma or granuloma. Tests with PPD 
tuberculin second strength gave 3+ positive 
reactions. Sputum smears were negative for 
acid-fast bacilli. At operation the lesion was 
found to arise from the superior margin of the 
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Fic. 1. Case 1. a. Preoperative roentgenogram revealed a 3 cm. nodular lesion in the right lateral lung field 
containing central calcification. 6. Laminagram showed the lesion to have a laminated appearance. Jnset. 
A roentgenogram of the excised nodular lesion demonstrates the laminated appearance of the calcified 
lesion. 


right lower lobe and to extend into the fissure 
between the lower and middle lobes. Local ex- 
cision of the mass was done. Pathologic exam- 
ination (Fig. 4) revealed a hamartoma contain- 
ing bone, cartilage, fat and glands. The patient 
made an uneventful recovery. Roentgenograms 


Kic. 3. Case a. Preoperative posteroanterior roent- 
genogram revealed a_well-circumscribed lesion 
containing calcium. 4. Roentgenogram of the path- 

Fic. 2. Case 1. Granuloma with the calcium laid ologic specimen showed the popcorn type of cal- } 

down in concentric layers (von Kossa stain; X 4). cification throughout the lesion. 
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of the specimen showed a popcorn type calcifi- 
cation in the osseous elements, characteristic 
of hamartoma. 


Case int (Fig. 5). A fifty-six year old white 
man had a roentgenogram of the thorax taken 
in August, 1951, in the course of a medical 
work-up because of fatigability. This disclosed 
a well-circumscribed mass in the lower part of 
the left lung. Repeated roentgenograms on 


Kic. 4. Case 1. Calcification present in the osseous 
elements of the hamartoma (von Kossa stain; 
X70). 


Fic. 5. Case 1. a. Preoperative roentgenogram of a fifty-six year old white man revealed a well-circumscribed 
mass below the left hilus. 2. The excised lesion in a shows roentgenographically an area of calcification 
eccentrically located with the mass. c. A section of tissue through the calcified area shown in 4 shows that 
the calcium is laid down in ossified bronchial cartilage which has been surrounded by an adenoma (von 
Kossa; 75). 
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coming to the clinic in December, 1951, re- 
vealed the mass to be located below the left 
hilus (Fig. $a). Laminagrams did not demon- 
strate calcification. The history indicated an ex- 
posure to tuberculosis at the age of eight years. 
Tests with PPD tuberculin were positive 3+. 
Results of all other laboratory examinations, 
including cytologic studies, were negative. 
Bronchoscopy revealed only chronic bronchitis. 
At operation the mass was easily located and 
biopsy was carried out. Because of the nature 
of the tumor, segmental resection of the basilar 
division of the left lower lobe was performed. 
Pathologic examination revealed an adenoma 
(carcinoid type) measuring 4 by 4 by 3 cm., 
with no involvement of the lymph nodes. The 
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June, 1957 
patient made an uneventful recovery. Roent- 
genograms of the specimen (Fig. 54) disclosed 
an eccentric area of calcification, and micro- 
scopic section stained after the method of von 
Kossa showed that the calcium was laid down in 
an ossified bronchial cartilage which has been 
surrounded by the tumor mass. 


Case iv (Fig. 6). A white man, aged sixty- 
nine years, was discovered to have a lesion 
about 1 cm. in diameter in the left mid-lung 
field on a routine roentgenogram of the thorax 
in the fall of 1948. A follow-up roentgenogram 
in January, 1951, showed that the lesion had 
grown to the size of a quarter (Fig. 6a). The 
patient had had cough with some expectoration 


Fic. 6. Case 1v. a. A 4 cm. nodular lesion may be seen in the left mid-lung field which did not appear to con- 
tain calcium. 4. A roentgenogram of the excised lesion in a shows central areas of calcification. ¢. Section, 
taken through the calcified area in the lesion shown in 4, reveals calcification in an area of necrotic large \ 
cell carcinoma, Grade 4 (von Kossa stain; X95). 


| 


cty- 
ion 
ing 
rax 
am 
ad 
ion 


VoL. 


Fic. 7. Case v. a. A circumscribed lesion may be seen in the left upper lung field, which did not appear to 
contain calcification. 6. A roentgenogram of the excised lesion shows some scattered calcification. 


for years with no change in the past two to 
three years. Stereoscopic roentgenograms of 
the chest taken at this clinic on admission in 
March, 1951, disclosed an ovoid, somewhat 
lobulated mass 4 cm. in diameter, in the left 
lung just above the level of the hilus. There 
were multiple old fractures in the left ribs with 
some pleural thickening. The mass in the lung 
showed no evidence of calcification and the 
diagnosis of peripheral bronchogenic carcinoma 
was suggested. Roentgenograms made two 
weeks after admission demonstrated no change 
in the size of the lesion. Pertinent laboratory 
examinations, including tests of sputum for 
acid-fast bacilli and cytologic studies, and 
bronchoscopic examination, gave negative re- 
sults. On exploratory thoracotomy, a_ lesion 
about the size of a golf ball was found in the 
midportion of the lateral surface of the left 
upper lobe. Biopsy of several hilar lymph nodes 
disclosed anthracosis. Because of the patient’s 
age and lack of pulmonary reserve, a left upper 
lobectomy and lingulectomy were done. Study 
of the removed tissue revealed a large cell 
carcinoma, Grade 4, measuring 4 cm. in diame- 


ter. No involvement of the lymph nodes was 
found. Follow-up examination in October, 
1951, showed no evidence of recurrence. Roent- 
genograms of the excised specimen (Fig. 64) 
disclosed central calcification which on micro- 
scopic examination (Fig. 6c) was found in an 
area of necrotic tumor. 


Case v. (Fig. 7 and 8). A forty-four year old 
white man was found, on chest survey, to have 
a circumscribed lesion in the left upper part of 
the lung six weeks prior to admission to the 
clinic in November, 1950. The patient was 
asymptomatic except for a chronic cigarette 
cough of many years’ duration. Roentgeno- 
grams of the thorax taken two years prior to 
admission were reported as negative. Roent- 
genologic examination of the thorax on admis- 
sion revealed a poorly circumscribed area of in- 
creased density in the posterior apical segment 
of the left upper lobe and a Ghon complex in 
the right lung (Fig. 7a). Both carcinoma and 
tuberculosis were considered. No contributory 
laboratory examinations were done. At opera- 
tion a firm round mass was found in the left 
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Fic. 8. Case v. Section, taken from a calcified area 
in the excised specimen (Kig. 74.), reveals the 
calcium to be present in old healed scar tissue 
engulfed by an adenocarcinoma, Grade 4 (von 
Kossa stain; 135). 


upper lobe with some puckering of the over- 
lying pleura. Biopsy revealed carcinoma, and 
left pneumonectomy and dissection of the 
left hilar lymph nodes were performed. The 
pathologist reported adenocarcinoma, Grade 
4, measuring 2.5 by 2 by 2 cm. No bronchial 
involvement was found. Three regional lymph 
nodes contained the carcinoma. The patient 
made an uneventful recovery. 
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Follow-up examination at this clinic in 
March, 1952, revealed probable cerebral me- 
tastasis, and the patient succumbed in May, 
1952. A roentgenogram of the specimen (Fig, 
76) revealed scattered calcification. Micro- 
scopic examination of the lesion showed that 
the calcification was present in old healed scar 
tissue (Fig. 8). 

RESULTS 

Of the total 207 specimens studied, 77 
(37-2 per cent) showed roentgenologic 
evidence of calcification of the specimen 
and this finding was proved by microscopic 
examination of the specimen (Table 1). 

The highest percentage of calcification 
was found in the granulomas. Of the go 
specimens in this series 56 (62.2 per cent) 
showed roentgenologic evidence of calci- 
fication. Of these, 35 showed evidence of 
calcification on preoperative roentgeno- 
grams (Table 1). Thirty-six (40 per cent) 
of the go granulomas showed calcifica- 
tion of the laminated variety (ig. 1, in- 
set). Four of these lesions also contained 
some punctate calcification, which on 
microscopic examination proved to be old 


TABLe | 


ROENTGENOGRAPHIC PATTERN OF CALCIFICATION IN SURGICALLY EXCISED LESIONS 


Total 
LSI1C 
Cases Lam- 
inated 
Benign 
Granuloma gO 36 
Hamartoma 32 
Miscellaneous 13 
Total 135 26 
Malignant 
Adenoma 14 
Bronchogenic carcinoma 38 Oo 
Metastatic lesion 20 
Total 72 
Total 207 36 


* Cases listed under predominant type only. 
Tt Scattered in fine strands. 


Calcification* 


Pop- Cen- Punc- Total Per 
ota 

corn tral tate Cent 
9 11 62.2 
4 7 i 34-4 
fe) fe) O fe) 
4 9g 1s 607 49 fy 
fe) I 2 
I 5 6 15.8 
I 17 10.0 
O 2 10 13.9 
4 12 25 77 7.3 
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Tasce I] 
CALCIFICATION IN PREOPERATIVE ROENTGENOGRAMS 
AND IN ROENTGENOGRAMS OF SPECIMENS 
Calcification in 
Roentgenograms 


Lesion Total 


Before S 
opeci- 
Opera- 
men 
tion 
Benign 
Granuloma go 35 56 
Hamartoma 32 
Miscellaneous 13 
Total 135 46 67 
Malignant 
Adenoma 14 O 2 
Carcinoma 38 
Metastatic 20 fe) 2 
Total 72 I 10 


scarred and calcified inflammatory tissue. 
In the laminated variety, calcification was 
laid down between concentric rings of 
fibrous tissue thus supporting Good’s 
theory of lamination as a mark of calcifica- 
tion. This characteristic pattern was not 
seen in any of the other pathologic types 
of specimens studied. Three of the go 
granulomas showed only central calcifica- 
tion. Six exhibited punctate calcification 
throughout the lesions. Three of the speci- 
mens with punctate calcification were posi- 
tive for tuberculosis by bacteriologic cul- 
ture and guinea pig inoculation, and one 
with central calcification only was positive 
for coccidioidomycosis by culture. 

Of the 32 hamartomas studied, 11 (34.3 
per cent) showed calcification. Four showed 
central calcification of the popcorn type, 
as seen in Figure 36. The seven others 
showed only scattered calcification. In all 
11, punctate calcification was shown on 
the preoperative roentgenograms. None of 
the seven hamartomas removed in the 
period from July 1, 1951, to December 31, 
19§2, showed calcification roentgenologi- 
cally, whereas the percentage of calcified 
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granulomas was in the same range in both 
the old and new series studied. 

The series included 13 miscellaneous 
lesions: Five were bronchogenic cysts, one a 
chronic abscess, two unresolved pneumo- 
nitic processes, one a hemangioma, one a 
lymphangio-endothelioma, one a thymoma, 
and two mesotheliomas. None of these 
specimens showed calcification roentgeno- 
logically. 

Seventy-two malignant lesions were 
studied, and 10 (13.9 per cent) showed 
roentgenologic evidence of calcification of 
the specimen and in one case the preopera- 
tive roentgenogram showed calcification in 
the region of the mass (Table 1 and 1). 
This group included adenomas, primary 
bronchogenic carcinomas, and metastatic 
malignant lesions. 

Fourteen adenomas were studied. Two 
of the gross specimens (14.3 per cent) 
showed calcification on the roentgenograms 
and on fluoroscopic examination. None of 
the preoperative roentgenograms showed 
evidence of calcification. Microscopic ex- 
amination of the sectioned calcified area in 
one of these adenomas (Case 11; Fig. $c) 
proved it to be bronchial cartilage which 
has been surrounded by the slow growing 
tumor and had undergone ossification. 
Microscopic examination of the other 
specimen showed calcification in connective 
tissue distributed throughout the adenoma- 
tous tumor. 

In six (15.8 per cent) of the 38 primary 
carcinomas, calcification was evident in 
roentgenograms of the specimen. One speci- 
men showed central calcification which on 
microscopic examination (Case tv; Fig. 64 
and c) revealed the calcium to be in necrotic 
tumor tissue. Microscopic examination of 
one of these specimens showed the calcium 
to be located in a Ghon lesion which had 
been engulfed by the growing mass. Calci- 
fication in the region of the mass was re- 
ported on the preoperative roentgenogram, 
and 4 pulmonary stone as well as carcinoma 
was suggested as the possible etiology. 

Calcification in another lesion proved to 
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be located in calcified pleura which had 
been invaded by the tumor and could not 
be separated grossly from it. In the remain- 
ing specimens the calcium was contained in 
old healed scar tissue, presumably from a 
previously acquired chronic inflammatory 
process (Fig. 7 and 8). The preoperative 
roentgenograms in Case v as mentioned be- 
fore showed, besides the mass in the left 
upper lobe, a Ghon complex in the right 
lung. A diagnosis of both carcinoma and 
tuberculosis was suggested by the roent- 
genologist. 

Of the specimens of 20 metastatic lesions 
in this group, two (10 per cent) showed evi- 
dence of calcification on the roentgenogram 
of the specimen. In one of these, the calci- 
fication could not be seen fluoroscopically 
and a block cut through the area of greatest 
density proved to be the calcified area seen 
on the original specimen. Microscopically 
this showed calcium to be present in necrot- 
ic tumor cells. In the other specimen, the 
calcification had a fine strand-like appear- 
ance both fluoroscopically and roentgeno- 
graphically. This also showed the calcium 
to be present in necrotic tumor cells, but 
to a greater degree than in the other 
metastatic lesion mentioned. The type of 
calcification found on roentgenographic 
examination of the specimens in the 77 
cases is given in Table 1. 

Laminagraphic Data. \t was hoped that 
during the period from July, 1951, to 
December, 1952, laminagraphic studies 
could be carried out on a sufficient number 
of patients having surgical removal of 
their lesions to permit further evaluation. 
This procedure was followed in nine of the 
58 cases studied; calcification was reported 
to be present in five of these, all of which 
were granulomas. The stereoscopic postero- 
anterior roentgenograms in these cases 
showed no evidence of calcification. The 
laminagrams in the other four cases did not 
show evidence of calcification. 


SUMMARY AND CONCLUSIONS 


Two hundred and seven cases in which 
the pathologic specimens were available 
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were studied. Forty-nine and six tenths per 
cent of the benign and 13.9 per cent of the 
malignant lesions showed calcification by 
roentgenologic examination of the speci- 
men. 

This study indicates that calcification is 
present and can be demonstrated by roent- 
genologic means in a greater number of 
cases than we have been able to detect 
from the preoperative use of stereoscopic 
posteroanterior and lateral roentgenograms 
alone. The finding of calcium within these 
lesions does not, except for those showing 
the characteristic laminated and popcorn 
type of calcification, indicate that these 
lesions are benign. 

The fact that the granulomas which had 
a laminated appearance roentgenologically 
did not contain viable organisms seems to 
be a significant finding. The mere presence 
of calcium in roentgenograms of the lesion 
in our experience, unless of the laminated 
type, does not mean that the lesion ts inac- 
tive bacteriologically. 

The number of laminagraphic examina- 
tions in cases in which pathologic material 
was available was too small to evaluate 
fully this procedure as a diagnostic aid, but 
evidence indicates that it may often show 
calcification to be present that is not evi- 
dent on the stereoscopic posteroanterior 
and lateral roentgenograms of the thorax. 

It can be concluded, therefore, from this 
study that a solitary circumscribed nodular 
lesion can be safely called “benign,” from a 
roentgenologic standpoint, only if the 
laminated or popcorn type of calcification 
is clearly demonstrated. 

Mayo Clinic 
Rochester, Minnesota 
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CALCIFIED INTRATHORACIC LESIONS CAUSED BY 
HISTOPLASMOSIS AND TUBERCULOSIS 


By B. SERVIANSKY, M.D.,* and J. SCHWARZ, M.D.+ 


CINCINNATI, OHIO 


HE presence of intrathoracic calcifica- 

tions in chest roentgenograms has been 
commonly interpreted as evidence of ar- 
rested or healing primary tuberculous in- 
fection. For a number of years the accuracy 
of this interpretation has been questioned. 
This has been particularly true in the 
endemic area of histoplasmosis where it has 
been shown that in most cases this par- 
ticular disease is responsible for the calci- 
fications. It is our intention to present fur- 
ther evidence that histoplasmosis is the 
usual cause of pulmonary calcifications in 
this region and to indicate certain char- 
acteristics of the calcifications which may 
be helpful in differentiating those caused 
by histoplasmosis from those of tubercu- 
lous etiology. 

REVIEW OF THE LITERATURE 

Opie and his associates?" in 1926 and in 
1929 observed appreciable numbers of 
children with pulmonary or mediastinal 
calcific lesions who reacted negatively to 
tuberculin. In 1937 Nelson, ef a/.!” found 
that 13 of 27 children from Cincinnati with 
intrathoracic calcifications had a negative 
skin reaction to purified protein derivative 
(PPD) or old tuberculin (OT). 

Gass and his co-workers’ in 1938 carried 
out tuberculin sensitivity tests in 1,015 
children from central Tennessee. Intra- 
thoracic calcifications were seen in approxi- 
mately the same number of positive. re- 
actors to tuberculin ($1.1 per cent) as in 
the group of negative reactors (48.1 per 
cent). They concluded that a considerable 
proportion of children with “evidence of 
tuberculous infection” do not have a posi- 
tive tuberculin test. 

Long and Stearns’ reviewed $3,070 chest 


photofluorograms and showed that intra- 
thoracic calcifications in individuals living 
in an area bounded roughly by Oglethorpe, 
Georgia; Jefferson Barracks, Missouri; 
Little Rock, Arkansas; and Columbus, 
Ohio were more frequent and were larger 
and more numerous than in the chests of 
persons from other parts of the country. 

Gass and associates’ were able to observe 
the development of calcified lesions in a 
number of children whose tuberculin skin 
tests remained negative. This study sug- 
gested either that tuberculin skin tests 
were not reliable or that there were agents 
other than tuberculosis causing the calcifi- 
cations. 

In this regard, Cox and Smith! and Aron- 
son, Saylor and Parr’ have shown that 
Coccidioides immitis produces a primary 
complex which undergoes calcification and 
which is indistinguishable from that. of 
tuberculosis. 

Most pertinent to our study were the 
observations by Christie and Peterson? who 
demonstrated that of 78 Tennessee children 
with intrathoracic calcifications, only 32 
per cent reacted to tuberculin, but 87 per 
cent reacted to histoplasmin. Krom this 
study and his own material, Palmer” con- 
cluded that a mild (probably subclinical) 
form of histoplasmosis (or infection with 
an immunologically related organism) ts 
responsible for a high proportion of calcifi- 
cations seen in the roentgenograms of tuber- 
culin negative reactors. 

Zwerling and Palmer,'’ in made an 
attempt to differentiate between the calcifi- 
cations presumed to be the result of tuber- 
culosis (positive PPD, negative _histo- 
plasmin) and those presumed to be due to 
histoplasmosis (negative PPD, positive 
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histoplasmin). Of §7 of their cases in which 
the calcification measured 2 cm. or more in 
diameter, 44 (75 per cent) were histoplasmin 
positive and tuberculin negative. Only 3 
reacted to tuberculin alone. However, none 
of these cases was proved by demonstration 
of the organism. They concluded that there 
were no striking characteristic features of 
the individual lesions which would be of 
value in the differentiation, except scat- 
tered, multiple bilateral calcifications which 
were considered to be of histoplasmic origin. 

High, et a/.* skin tested 108 persons in 
whom § or more distinct calcareous deposits 
were present in each lung. No case was 
found which reacted to tuberculin alone. 
Eighty-six per cent reacted to histoplasmin 
alone and 10 per cent reacted to both tuber- 
culin and histoplasmin. They concluded 
that such multiple pulmonary calcifications 
were not frequently caused by tubercle 
bacilli, but probably by the agent produc- 
ing sensitivity to histoplasmin. 

Silverman! in 1950 reviewed the historic 
and epidemiologic features of histoplasmo- 
sis and stated that perhaps the only roent- 
gen finding which alone might be reliably 
interpreted as the result of Histoplasma in- 
fection was disseminated intrathoracic cal- 
cification. 

Straub and Schwarz" in 19§5§ studied 105 
consecutive autopsies of patients dying 
from diseases not primarily involving the 
lungs. A healed intrathoracic calcified pri- 
mary complex containing a stainable fungus 
morphologically consistent with Histo- 
plasma capsulatum was found in 67 per 
cent of the cases. If Histoplasma capsulat- 
um were not demonstrated and the micro- 
scopic picture showed the general character- 
istics of healed tuberculous foci, they were 
considered to be of tuberculous origin. The 
primary pulmonary lesions were divided 
into small and large foci, the small being 4 
mm. or less in diameter and the large 5 
mm. or more. Similarly, the calcified lymph 
nodes were classified according to size as 
small (less than 1 cm. in diameter) and 
large (1 cm. or more). From their observa- 
tions they concluded that a primary focus 
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measuring § mm. or more or a calcified 
lymph node 1 cm. in diameter or over was 
caused by Histoplasma capsulatum in 4 
out of instances. 


MATERIAL AND METHODS 


The present report is based upon a study 
of a number of individuals in whom intra- 
thoracic calcifications were demonstrable 
in chest roentgenograms. Our material is 
divided into four groups. 

Group 1: In this group are included 51 
persons from Cincinnati (an endemic area 
of histoplasmosis) in whom pulmonary and/ 
or mediastinal calcifications were apparent 
on 7O mm. photofluorograms. Routine 
posteroanterior and lateral 1417 inch 
teleroentgenograms of the chest and skin 
tests with tuberculin and histoplasmin were 
obtained on each individual. 

Group 2: Unselected 14X17 chest roent- 
genograms of 265 individuals living in 
New York City (a nonendemic area of 
histoplasmosis) are included in this group. 
Kifty-nine revealed intrathoracic calcific 
lesions. No skin tests were available in 
this group.” 

Group 3: This group comprises 355 pos- 
teroanterior teleroentgenograms of the 
chest in individuals living in Cincinnati, 
mostly employees of the Cincinnati Gen- 
eral Hospital. Calcifications were found in 
101 of these individuals. No skin tests were 
obtained. 

Group 4: This group consists of 24 in- 
dividuals with proved histoplasmosis in 
whom calcifications were visible on chest 
roentgenograms. Histoplasma capsulatum 
was demonstrated at autopsy in 23 and at 
surgery in one. Among the autopsied cases, 
a healed primary intrathoracic complex 
was demonstrated in Ig patients and 
Histoplasma capsulatum was identified in 
the calcified pulmonary focus, mediastinal 
lymph nodes, or both. In the remaining 4 
cases the organism was found in calcific 
hepatic lesions in two, in a large abdominal 

* The films from New York were obtained through the courtesy 


of Dr. Hans Abeles, Assistant Director, Bureau of Tuberculosis, 
City of New York Department of Health. 
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Fic. 1. Female, aged seventy. A-2576. (4) Posteroanterior chest roentgenogram. Large primary focus in 
the right middle lobe and a Jarge hilar calcified (stippled) lymph node. H. capsulatum was demonstrated 
in the components of the primary complex, microscopically. (B) Same case. Lateral view. 


Fic. 2. Male, aged thirty-nine. (4) There are large lymph nodes in the right hilar and paratracheal areas 
with numerous stippled calcifications. Histoplasmin skin test positive, tuberculin negative. (B) Same case. 
Lateral view. 


\ 


TABLe 
SIZE OF CALCIFICATIONS 
Group I 


Skin Tests 


$mm. 6mm. 
or less or more 
positive histoplasmin, negative tu- 
berculin I 30 
positive tuberculin, negative his- 
toplasmin 
positive histoplasmin and tuber- 
culin 
negative histoplasmin and tuber- 
culin 1ot 
Total 3 48 


* Both foreign born visitors in the United States. 

+ Skin reactivity decreases in persons over forty-five years of 
age; this may be responsible in part for the large number of non- 
reactors." 


lymph node once, and in still another in- 
stance, in the adrenals. These 4 cases are 
included because the abdominal involve- 
ment must have been secondary to the 
intrathoracic calcified lesions which were 
also present. Unfortunately, microscopic 
study of the intrathoracic calcifications in 
the 4 cases was not obtained. 

The identification of calcifications was 
based on the following criteria: 

1. Irregular shadows having the densities 
of calcium. In this category were included 
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arranged in groups from three to ten or 
more each measuring from I to 5 mm. in 
diameter, which undoubtedly mostly re- 
presented calcified lymph nodes. 

2. Rounded homogeneous shadows, if 
they were very dense and were located 
apart from the hilar areas and if no blood 
vessels of similar caliber could be traced to 
them. 

3. Laminated shadows. 

RESULTS 

In Group 1 (Table 1) only 3 cases showed 
calcific lesions measuring 5 mm. or less in 
diameter (6 per cent). Two of the 3 were 
positive to tuberculin and negative to 
histoplasmin and the other was positive to 
histoplasmin and negative to tuberculin. 
In the remaining 48 individuals, the roent- 
genograms showed calcific lesions measur- 
ing 6 mm. or more in diameter. Of these, 30 
(sg per cent) reacted positively to histo- 
plasmin alone. None reacted to tuberculin 
alone. Eight were positive to both antigens 
and 10 did not react to either. Forty-six 
of the 51 revealed a definite calcified pri- 
mary complex (pulmonary focus plus 
regional lymph nodes). 

In Group 2 (Table 11) 33 of the cases (56 
per cent) revealed calcifications § mm. or 
less in diameter while in 26 (44 per cent) 
the calcifications measured 6 mm. or more. 


the “stippled” calcifications commonly None of the chest roentgenograms in this 
TaBLe I] 

Total No. 
c ec > > 
mou} mm. or less > mm. or more stipplec of Cases 
Krom Cincinnati 6% 48 94% 38 75% 
Skin tested with PPD and 
tuberculin 
a. From New York 33 56% 26 44% 16 27% 59 
No skin tests 
From Cincinnati 21 219 8o 79% 70 69% IO! 
No skin tests 
4. From Cincinnati 2 Ro 22 92% 16 6797 


Proy ed microscopically 
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Fic. 3. Female, aged sixty-five. (7) There is a large primary focus in the right lower lobe and stippled calcified 
lymph nodes in the right hilus and paratracheal area. Histoplasmin skin test positive, tuberculin negative. 
This patient also had multiple splenic calcifications. (B) Same case. Lateral view. 


Fic. 4. Male, aged seventy-five. A-2804. There are 
two calcific lesions in the apex of the right upper 
lobe which could either be primary foci or calcifi- 
cations in a healed post-primary right upper lobe 
histoplasmosis. There is a large calcified (stippled) 
paratracheal lymph node. H. capsulatum. was 
demonstrated on microscopic section. 


Fic. 5. Female, aged seventy-one. A-3220. There is a 
large laminated calcified primary focus in the left 
upper lobe. She also had multiple splenic calcifica- 
tions. H. capsulatum was demonstrated in the pul- 
monary focus and splenic lesions. 
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ic. 6. The anatomic substrate of the “stippling” are discrete calcific foci within the area 
of old caseation necrosis in lung tissue or lymph nodes. 


group showed calcified paratracheal lymph 
nodes, but some demonstrated calcified 
hilar lymph nodes. 

Of the tor cases with calcifications in 
Group 3, in 80 persons (80 per cent) the 
calcifications measured 6 mm. or more, 
while in 21 (20 per cent) they measured 5 
mm. or less (Table 11). In 6 of the 80 calci- 
fied paratracheal lymph nodes were seen. 

In Group 4 only 2 persons (8 per cent) 
had calcifications in the chest measuring 5 
mm. or less while 22 (g2 per cent) revealed 
calcified lesions 6 mm. or more in diameter 
(Table 11). Two of the cases showed calcified 
paratracheal lymph nodes and § were 
found to have, in addition, multiple splenic 
calcifications. 

In a very large percentage of cases, 
“stippled” calcifications which are clearly 
recognizable as being within lymph nodes 
were noted. A special study of these lesions 
was made. The results are listed in Table 
i. It is apparent that “stippled” calcifica- 
tion within lymph nodes was present in over 
two thirds of the Cincinnati cases and in 
less than one third of the cases from New 
York. We, therefore, believe that the pre- 
sence of this type of intrathoracic lesion is 
another diagnostic point in favor of the 
histoplasmic origin of a given calcification. 


DISCUSSION 

The etiology of intrathoracic calcifica- 
tions in individuals with negative PPD 
was clarified with the discovery of skin 
sensitivity to coccidiodin and especially to 
histoplasmin and the demonstration of pri- 
mary intrathoracic complexes caused by 
Coccidioides immitis!* and Histoplasma 
capsulatum in autopsy material." The 
distinction between calcified intrathoracic 
lesions caused by H. capsulatum and M. 
tuberculosis has, therefore, become very 
important. The first attempt at differentia- 
tion among calcified lesions caused by these 
organisms was made by Zwerling and 
Palmer’? in 1945. Although a significant 
incidence of positive skin reactions to histo- 
plasmin among individuals with large intra- 
thoracic calcifications had been repeatedly 
observed, more conclusive evidence of the 
relationship between such calcifications 
was lacking until the recent work of 
Straub and Schwarz." In the present study 
we have demonstrated the presence of sig- 
nificantly greater percentages of large cal- 
cified intrathoracic lesions (measuring 6 
mm. or more) in the groups from the 
endemic area of Cincinnati (Groups I, 3 
and 4) than in the group from the non- 
endemic area of New York (Group 2). We 
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therefore conclude, on the basis of our own 
observations and those of Straub and 
Schwarz!’ that the larger calcified intra- 
thoracic lesions seen in roentgenograms of 
the individuals living in the endemic area 
of histoplasmosis are caused in most in- 
stances by H. capsulatum. The presence 
of multiple splenic calcifications in some of 
the cases of proved histoplasmosis lends 
further support in favor of the histoplasmic 
origin of the chest calcifications. In a study 
of calcified splenic foci, the present authors 
found that those which were either multiple 
(more than 5) or were “‘laminated”’ (re- 
gardless of the number), in most instances, 
were caused by histoplasmosis.'! 

The relatively large percentage of indi- 
viduals with calcifications measuring 6 mm. 
or more in the group from New York may 
be explained on the basis of migration from 
the endemic areas. This was found to be 
the case in a study by Straub and Schwarz!® 
in Tucson, Arizona which is an area known 
to be endemic for coccidioidomycosis. 
Forty consecutive autopsies were studied in 
this city and in 19 cases (almost 50 per cent) 
a histoplasmic primary complex was found. 
In only 8 cases was Coccidioides immitis 
demonstrated in the intrathoracic lesions. 
Thirteen of the 19 cases having a primary 
histoplasmic complex had arrived from the 
endemic area of histoplasmosis. 

A similar experience (with skin testing 
only) was recently reported by Comstock, 
et al among a group of patients with 
calcified and noncalcified pulmonary nod- 
ules (‘‘coin”’ lesions). Sixty-six per cent had 
a positive histoplasmin skin reaction even 
though this study was undertaken in a 
nonendemic area of histoplasmosis (Colum- 
bus, Georgia). 


SUMMARY AND CONCLUSIONS 


A short review of the literature concern- 
ing the calcific intrathoracic lesions in 
negative reactors to tuberculin has been 
given. At present there is no doubt of a 
cause and effect relationship between 
Histoplasma capsulatum and pulmonary 
calcifications in the endemic area. We be- 
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lieve that, in most instances, calcified histo- 
plasmic intrathoracic lesions can be dif- 
ferentiated from those caused by tuberculo- 
sis on the basis of size and the presence of 
“stippling.” Calcifications measuring 6 
mm. or more and “stippled” calcifications 
in individuals living in the endemic area of 
histoplasmosis are caused, in in- 
stances, by histoplasmosis. The presence of 
multiple or laminated splenic calcifications 
in patients with intrathoracic calcifications 
can be decisive in considering histoplasmo- 
sis as the cause of intrathoracic calcifica- 
tions. 

Groups from Cincinnati and New York 
were chosen in order to make a comparison 
between an area of high incidence of posi- 
tive histoplasmin and low incidence of 
tuberculin skin tests (Cincinnati) with an 
area in which the reverse is found (New 


York). 


B. Serviansky, M.D. 
Instituto Nacional de Cardiologia 
México, D. F., México 


J. Schwarz, M.D. 
The Jewish Hospital Association 
Cincinnati 29, Ohio 


This study was greatly facilitated by the 
material and help obtained from Drs. B. Fel- 
son, L. Rosenberg, Hans Abeles and Gerald L. 
Baum. 
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SEGMENTAL LOCALIZATION OF UPPER 
LOBE TUBERCULOSIS* 
THE RARITY OF ANTERIOR INVOLVEMENT 
By WALTER LENTINO, M.D.,+ HAROLD G. JACOBSON, M.D. F.A.C.R.,f avd 
MAXWELL H. POPPEL, M.D. F.A.C.R.S 


NEW YORK, NEW YORK 


_ predominantly posterior involve- 
ment of the upper lungs by early adult- 
type pulmonary tuberculosis, although 
well-known to pathologists, is only casually 
mentioned in the roentgen-clinical litera- 
ture.*" This article will describe the inci- 
dence of posterior segment upper lobe in- 
volvement, offer a theory for its occurrence, 
and give one example of unusual localiza- 
tion of tuberculosis in the anterior segment 
of the upper lobe. The importance of the 
predominant predilection for posterior seg- 
ment involvement will be emphasized. 

In 1923, Wessler and Jaches” first. de- 
scribed the infraclavicular origin of adult- 
type pulmonary tuberculosis. Independ- 
ently, studies by Assmann! stressed the 
importance of this “‘infraclavicular infil- 
trate” and correctly localized it to the apical 
and posterior portions of the upper lobes. 
Although most pathologists realize that 
incipient adult tuberculosis begins almost 
always in the apical and posterior areas of 
the upper lobes and the superior portions of 
the lower lobes, few, if any, clinicians or 
radiologists have focused attention on 
posterior Jocalization in the roentgen differ- 
ential diagnosis of tuberculosis. 

Rich’? in 1933 collected the numerous 
theories advanced to explain the usual 
location of the early tuberculous infiltrate, 
and Dock?‘ 1n 1946, on the basis of clinical 
observation of physiologic data supplied an 
ingenious theory for apical and subapical 
localization of early adult pulmonary 
tuberculosis. 


As soon as lobectomy became a practical 
reality, thoracic surgeons began to perform 
segmental resection for limited disease 
processes. These operations provided the 
impetus for the careful study of the anatom- 
ic subdivisions of the lung lobes done by 
Brock,’ Glass* and Jackson and Huber.* 
These studies culminated in the important 
work of Boyden? which, to date, remains 
the classic authoritative study of the seg- 
mental anatomy of the lung. 

Incidence of Segmental Localization of 
Early Upper Lobe Tuberculosis. One hun- 
dred cases of adult-type pulmonary tuber- 
culosis were selected at random from the 
Pulmonary Service of Montefiore Hospital. 
All these patients had sputums positive for 
tubercle bacilli. Examination of the chest 
roentgenograms done in the posteroan- 
terior and lateral projections was under- 
taken and data as to bronchopulmonary 
segment localization were tabulated. Cases 
were included only if the disease was uni- 
lateral and if two segments or less of the 
upper lobes were involved. 

The terminology used in the tabulation 
was that accepted by the International 
College of Oto-rhino-laryngology in London 
in 1949, and is basically the classification 
of Jackson and Huber (Fig. 1). In this 
classification, the right upper lobe is divided 
into apical, posterior and anterior segments. 
The left upper lobe is divided into apical- 
posterior, anterior and superior and inferior 
lingular segments. 

It may be seen in Table 1 that of the 100 
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Kic. 1. The Jackson and Huber classification of the bronchopulmonary segments. 


cases studied, 70 showed combined involve- 
ment of the apical and posterior segments of 
the upper lobes. In 20 there was pure pos- 
terior segmental localization and 10 demon- 
strated pure apical disease. Thus, in 90 per 
cent of the cases, posterior segmental in- 
volvement by minimal tuberculosis was 
found. No case of pure anterior segmental 
involvement in this series was encountered. 
Such data clearly indicate that an infiltrate 


or mass confined to the anterior segment of 
an upper lobe in an adult has only a remote 
change of being tuberculous. 

Theory for the Posterior Preponderance of 
Pulmonary Tuberculosis in the Upper Lobes. 
Dock’s classic theory for apical and sub- 
apical localization of adult-type pulmonary 
tuberculosis will be briefly reviewed here. A 
summary of Dock’s observations follows: 

1. Pulmonary tuberculosis is uncommon 
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TABLe I 
SEGMENTAL LOCALIZATION OF 
MINIMAL TUBERCULOSIS 
Total Number of Cases Studied 100 


Right Upper Lobe 


isolated apical 10 

isolated posterior 2 

apical and posterior 31 
Total 61 


Left Upper Lobe 
apical-posterior 39 


in people with rheumatic heart disease in 
which pulmonary hypertension exists. 

2. Pulmonary tuberculosis is extremely 
common in pulmonary stenosis (as high as 
gO per cent in some series) where pulmonary 
pressure 1s low. 

In the erect posture the weight of the 
Pe ates of blood which supplies the apical 
vortions of the upper lobes almost equals 
the main pulmonary arterial pressure as 
determined by cardiac catheterization. 
Thus pulmonary blood flow cannot be 
maintained. 

4. The asthenic, slender individuals with 
long chests have a higher incidence of pul- 
monary tuberculosis than the general popu- 
lation. In these individuals, the distance 
from the main pulmonary artery to the 
apex is increased, so that in the erect pos- 
ture, blood flow is even poorer than in the 
average or hypersthenic person. 

5. Tuberculosis is more common in the 
right upper lobe than in the left. Blood 
originating from the right ventricle (Fig. 
2) courses toward the left apex via a large, 
short pulmonary artery which breaks into 
lobar branches in the left lung. Conversely, 
the right pulmonary artery is long and 
narrow, arises from the main branch at an 
angle and descends toward the left, with 
consequent lowered pressure on this side. 

Dock thus felt that ‘the pulmonary 


arteries can bring few antibodies to the 
apices as long as the patient was sitting or 
standing. Since even in inflamed tissue with 
tissue fluid forma- 


vascular permeability, 
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tion is dependent on an adequate intra- 
vascular pressure and since pulmonary 
arterial pressure in the apices is practically 
zero, removal of bacterial products by 
lymph or dilution by diffusion into the 
blood would be practically nil.” Thus the 
susceptibility of the superior lung segments 
to tuberculosis is explained by Dock. 

A further independent confirmation for 
Dock’s postural theory comes from Med- 
lar’s’ work with rabbits. These animals 
were intravenously inoculated with bovine 
type tuberculosis and held in the erect posi- 
tion with a harness for eight to ten hours a 
day. These rabbits normally develop tuber- 
culosis in the dorsal and caudal areas. When 
sacrificed, although 4 of the 6 rabbits 
showed some disease in these caudal and 
dorsal regions, every animal demonstrated 
tuberculosis in the cephalic portion of the 
lungs. 

Dock’s theory is quite satisfactory in ex- 
plaining the clinical, experimental and 
physiologic data known today. Although 
the reason for the juxta-apical localization 
of tuberculosis 1s clarified, the universal 
preponderance of tuberculosis for the pos- 
terior as opposed to the anterior segment 
of the upper lobes has not even been con- 
sidered. 

A knowledge of the more recent anatomic 


LEFT PULMONARY 
ARTERY 


RIGHT PULMONARY 
ARTERY 


4 
\ 
7, 


RIGHT VENTRICLE 


hic. 2. Tracing of a normal angiocardiogram showing 
opacification of the right side of the heart. The 
left pulmonary artery is wide and short. The right 
pulmonary artery is longer and narrower and 
pursues a slightly downward course to the right. 
This difference accounts for the lower pulmonary 
arterial pressure on this side. 
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studies of the bronchopulmonary segments 
suggests the answer. Boyden’s dissections 
of so lungs produced the generic pattern 
illustrated in Figure 3. When compared 
with Figure 1 (taken from Jackson and 
Huber), there is a marked inconsistency 
of relative location of the anterior and pos- 
terior segments of the upper lobes and the 
superior segment of the lower lobes. In the 
Jackson and Huber diagram, the anterior 
segment of each upper lobe lies only slightly 
lower than the posterior segment and ex- 
tends above the superior segment of the 
lower lobes. In the critical anatomic dissec- 
tions of Boyden, the apical, posterior and 
apical-posterior segments of the upper 
lobes and superior segments of the lower 
lobes lie on a definitely higher level, well 
above the anterior segments of each upper 
lobe. 


Posterior 


Apical-Posterior 


LEFT LUNG 


Anterior 


RIGHT LUNG 
(medial surface) 


(medial surface) 


Anterior 


LEFT LUNG 
(lateral surface) 


RIGHT LUNG 
(lateral surface) 


Kic. 3. Schematic modification of tracings of Boy- 
den’s diagrams of the average location of the 
bronchopulmonary segments in $0 carefully dis- 
sected postmortem specimens. Compare with 
Kigure 1 and note that the apical and posterior 
divisions of the upper lobes and the upper margins 
of the superior segments of the lower lobes sit on a 
level above the anterior segments of the upper 
lobes. 
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These observations dovetail with Dock’s 
theory. The apical and posterior segments 
of the right upper lobe, the apical-posterior 
segment of the left upper lobe and the 
superior segment of each lower lobe are the 
clearly defined upper lung. The upper lung 
segments serve as a unique physiologic 
unit characterized by poor blood circula- 
tion and resultantly act as an Achilles heel 
for the development of pulmonary tubercu- 
losis. 

There are two additional features not 
considered by Dock which lend further sup- 
port to the concept of the anatomic-phys- 
iologic unity of the upper Jung. Macklin’ in 
1932 demonstrated by roentgenograms of 
the chest taken in inspiration and expira- 
tion that the posterior and cephalad seg- 
ments of the lungs show limited respiratory 
motion as compared with the more de- 
pendent portions. 

Brock in 1954 offered the theory of 
bronchial embolism, which he felt was by 
itself sufficient to explain the selective 
localization of tuberculosis. The apical, 
posterior and superior segments of the 
lungs have in common a characteristic 
direction of the bronchi supplying them; in 
the lateral recumbent and supine positions, 
these bronchi assume a vertical direction 
and favor the drainage of infected emboli 
into their respective segments. 

We feel, therefore, that our upper lung 
concept is buttressed by the additional 
factors of dimished respiratory motion and 
ease of embolization. 

Involvement of the anterior segment of 
the upper lobes by contiguity following 
disease in the apical and posterior segments 
is not unusual. Such cases have been 
deliberately omitted from consideration in 
this paper. Isolated involvement of the 
anterior segment of an upper lobe by adult- 
type tuberculosis is quite rare. One such 

case 1s now described. 


REPORT OF A CASE 
CM was a thirty-five year old Puerto Rican 


factory worker in whom an asymptomatic 


lesion was discovered on a mobile chest photo- 
December 3, 


fluorogram. On admission on 
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Fic. 4. Posteroanterior roentgenogram of the chest 
showing a large spheroid lesion in the right upper 


lobe. 


1955, she presented no abnormalities on 
physical examination except for an enlarged 
firm liver. The tuberculin test was strongly 
positive in a strength of 1-1000. A coccidiomy- 
cosis skin test was negative. On chest roent- 
genography, a spheroid lesion, 2.5 cm. in 
diameter was noted in the avferior segment of 
the right upper lobe (Fig. 4 and 5). In spite of 
the anterior localization of the lesion, a diag- 
nosis of tuberculosis was entertained (a young 
Puerto Rican female with a positive tuberculin 
test). 

After a preliminary period of INH and strep- 
tomycin therapy, an exploratory thoracotomy 
was performed on January 10, 1956. A spheroid 
mass, somewhat larger than noted on the 
roentgenograms, was seen in the anterior seg- 
ment of the right upper lobe. A frozen section 
was interpreted as tuberculosis and a lobectomy 
was done. The patient made a good recovery in 
spite of a hydropneumothorax which developed 
on the eighth postoperative day. She was 
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Fic. 5. Right lateral view of the chest indicating 
that the spheroid lesion noted on the posteroan- 
terior roentgenogram lies in the anterior segment 
of the right upper lobe. This is a rare location for 
pulmonary tuberculosis, adult-type. 


treated by repeated thoracentesis, antibiotics 
and specific antituberculous therapy. 

Pathological Examination. Vhe surgical speci- 
men (a 3.§ cm., well demarcated, spheroid 
mass), showed tubercle bacilli on smear. Sec- 
tions of the mass revealed a large central area 
of caseous necrosis and a marginal zone of in- 
flammatory tissue. On the edge of the necrotic 
area there were fibroblasts lined up in radial 
fashion with a scattering of lymphocytes, 
plasma cells and phagocytes in dense collage- 
nous connective tissue stroma. There 
numerous lymphoid follicles and some of the 
small vessels showed thickening and fibrosis of 
their walls. A few Langhans type giant cells 
were found in the marginal inflammatory 
border. Nearby pulmonary 
areas of hemorrhage, accumulation of phago- 
cytes and metaplastic alteration of septal cells. 
Diagnosis: Pulmonary tuberculosis. 


were 


alveoli. showed 


d 
ee 
104 

j 

Rig: 

r 

—— 
We 

3 


Vou. 77, No. 6 Localization of Upper Lobe Tuberculosis 


SUMMARY AND CONCLUSIONS 


1. Karly adult-type pulmonary tubercu- 
losis is almost always limited to the apical 
and posterior segments of the upper lobes. 
The roentgen demonstration of a lesion 
solely limited to the anterior segment of an 
upper lobe effectively excludes tuberculosis, 
as a general rule. 

2. A case of pulmonary tuberculosis of 
the right upper lobe limited to the anterior 
segment is presented as a rare exception. 

3. Ina series of 100 consecutive cases, no 
other such lesion could be found. 

4. The work of Dock, Brock, Macklin 
and Boyden is briefly reviewed and their 
divergent viewpoints are combined into our 
concept of the upper lung. The upper lung 
lies above all other segments of the lung, 
comprises the apical, and posterior seg- 
ments of the upper lobes and the superior 
segments of the lower lobes and is a unique 
anatomico-pathologic unit characterized by 
poor blood circulation, diminished respira- 
tory ventilation and a distribution of the 
bronchi favoring embolization. 

5. These data, anatomic studies and con- 
cepts serve to explain the extreme rarity of 
early tuberculosis isolated to the anterior 
segment of an upper lobe. 

Harold G,. Jacobson, M.D. 
Montefiore Hospital 


210th Street and Bainbridge Avenue 


New York 67, New York 
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BRONCHIAL CARCINOMA ARISING IN 
A LUNG CYST* 


By J. WINTHROP PEABODY, Jx., M.D., SOL 


KATZ, M.D., and EDGAR W. DAVIS, M.D. 


WASHINGTON, D. C. 


ALIGNANT transformation within a 
lung cyst is generally regarded as a 
highly remote possibility. Korol®* has 
called attention to this possibility and he 


reported a series in which the incidence of 


ultimate malignant change has been quite 
high. Of 40 carefully followed cases of con- 
genital pulmonary cysts 10 (25 per cent) 
have developed carcinoma of the lung.‘ 


Conversely, a control group comprised of 


60 cases of diffuse bullous emphysema fol- 


lowed for the same prolonged period of 
time had shown not a single instance of 


bronchial carcinoma. 

The above correlation has considerable 
surgical significance and has prompted 
Larkin and Phillips’ to state that “‘the 
possibility of malignant degeneration in the 
wall of a cyst forms another indication for 
removal of these cysts whenever feasible.” 
In the present paper, we would like to 
present a case in which serial roentgeno- 
grams depict the evolution of a bronchial 
carcinoma in the wall of a lung cyst. In this 
case, the relationship between the carci- 
noma and the cyst seems proven beyond 


doubt. 


REPORT OF A CASE 


The patient, F.P.W., was a fifty-four year old 
white salesman whom we first saw in October, 
1953, because of a steadily enlarging nodule in 
the upper lobe of the right lung. Over the 
preceding eight years the patient had had 
spontaneous pneumothorax on three separate 
occasions, each time on the right side. Chest 
roentgenograms obtained at the time of these 
episodes were reported as showing a cyst in the 
right upper lobe. In January, 1951, a routine 
chest roentgenogram revealed a small nodular 
density measuring less than 1 cm. in diameter 
lying in close apposition to the inferior margin 
of the cyst (Fig. 1). Over the next 16 months 


* From the Departments of Thoracic Surgery and Medicine, Garfield Memorial Hospital and Georgetown University School of 


Medicine, Washington, D. C. 


the nodule increased very little in size (Fig. 2), 
but when another follow-up film was obtained 
13 months later the nodule had attained 
diameter of 3.5 cm. (Fig. 3). Observation was 
continued until we saw him in October, 1953, 
33 months after the nodule was detected, by 
which time it was §.5 cm. in size (Fig. 4). 

The patient stated that he felt fine. For the 
preceding ten years he had had a cough produc- 
tive of several ounces of thick mucoid sputum 
daily, mostly in the morning. The character of 
the cough had not changed. There had been no 
hemoptysis, wheeze, chest pain, anorexia nor 
weight loss. He had smoked two packs of cig- 
arettes daily for the past 30 years. Past history 
including a review of systems was not otherwise 
contributory. 

The patient appeared healthy and the phys- 
ical examination was negative. Breath sounds 
were clear and there were no rales or other 
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Fic. 1. First chest roentgenogram showing small 


nodular density beneath the inferior margin of 


right apical cyst. 
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5-26-52 
(16 MONTHS) 


Kic. 2. Chest roentgenogram obtained 16 months 
later. There has been only a minimal increase in 
the size of the solitary pulmonary nodule. 


adventitious sounds on normal breathing, 1n- 
spiration, forced expiration or coughing. 

On October 28, 1953, under endotracheal 
ether-oxygen anesthesia the right pleural space 


6-10-53 
(29 MONTHS) 


4 


Fic. 3. Chest roentgenogram obtained twenty-nine 
months after the initial roentgenogram showing a 
considerable increase in the size of the nodule J 
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10-19-53 
(33 MONTHS) 


ic. 4. Chest roentgenogram taken 33 months after 
the initial roentgenogram. Only after this exam- 
ination was the patient seen in surgical consulta- 
tion. 


was entered through the bed of the subperios- 
teally excised fifth rib. The entire upper lobe 
was densely adherent to the chest wall. After 
freeing up these adhesions the apex of the 
upper lobe was found to be cystic in character 
and a large firm tumor could be palpated in the 
paramediastinal region where it had invaded 
the lateral wall of the trachea and the superior 
vena cava. An azygos lymph node was markedly 
enlarged. A pneumonectomy was performed, 
the involved portions of the trachea and 
superior vena cava were excised and _ their 
continuity restored. All contiguous mediastinal 
lymph nodes, some of which were greatly en- 
larged, were removed en d/oc with the lung. Re- 
covery was uneventful. 

Pathologic examination showed a 6 cm. tu- 
mor mass lying within the right upper lobe but 
extending into the hilus and through the medias- 
tinal pleura. The tumor bulged upward into a 
trabeculated unilocular pulmonary cyst. Micro- 
scopic study showed the neoplasm to consist of 
undifferentiated carcinoma. In only one of the 
mediastinal lymph nodes could metastatic 
carcinoma be demonstrated. The wall of the 
cyst consisted of dense connective tissue with- 
out any lining epithelium. Fibrous trabeculae 
were prominent. On the basis of these findings 
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it was impossible to determine whether the cyst 
was of congenital or acquired etiology, although 
the presence of dystrophic calcification in some 
areas certainly attested to its long duration. 

A follow-up inquiry obtained two years and 
three months postoperatively revealed the pa- 
tient still to be in good health and free of any 
evidence of recurrence. 


DISCUSSION 


The great difference between the rates of 
malignant transformation in the congenital 
as opposed to the acquired cysts in Korol’s 
cases** may, perhaps, be attributed to the 
fact that his distinction was based wholly 
upon clinical and roentgenologic observa- 
tions. On the other hand, one cannot deny 
the fact that bronchial carcinoma may 
occur as a complication of pulmonary cyst. 
This report gives such an example. 

Womach and Graham‘ have commented 
upon the association of epithelial hyper- 
plasia in congenital cystic disease of the 
lung, but in none of their g cases was there 
definite evidence of malignancy. Bass and 
Singer,' in reporting a case of coexisting 
adenocarcinoma and cystic disease of the 
lung, described the cysts as being of a 
bullous rather than congenital type. 
Though mentioning 2 instances of car- 
cinoma complicating lung cysts, the first, a 
case of cystic bronchiectasis and the other, 
a case of bilateral cystic disease, Rogers® 
concluded that the chance of cystic disease 
of the lung predisposing to bronchial car- 
cinoma is most unlikely. 

The above case emphasizes not only the 


June, 1957 


danger in delay but also the hazard inherent 
in any indeterminate pulmonary nodule, 
almost half of which we have found to 
be malignant.” 


SUMMARY 


A case is reported in which serial roent- 
genograms taken over a 33 month period 
furnish good proof of the origin of an un- 
differentiated bronchial carcinoma from a 
long-standing lung cyst. The implications 
of this type of lesion are discussed. 


J. Winthrop Peabody, Jr., M.D. 
1150 Connecticut Avenue, N. W. 
Washington 6, D. C. 
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BRONCHIAL CARCINOMA MASQUERADING AS 
A THIN-WALLED CYST 


By J. WINTHROP PEABODY, Jr., M.D.,* EDWARD J. RUPNIK, M.D., 
and JOSEPH M. HANNER, M.D. 


WASHINGTON, D. C. 


HE rather singular ability of bronchial 

carcinoma to mimic the roentgeno- 
graphic manifestations of almost any 
benign pulmonary lesion is well known. 
This was not always appreciated, of course, 
as witness the once prevalent practice of 
dismissing any unexplained or unresolved 
pneumonitis as viral in origin, any round 
circumscribed density as a tuberculoma and 
any cavitary infiltration as tuberculosis; 
all lesions in which the malignant potential- 
ity has become adequately documented. 
However, there remains another disguise 
behind which a carcinoma can hide, one to 
which infinitely little attention has been 
paid, namely, the thin-walled pulmonary 
cyst. The following case serves to illustrate 
this point quite well, providing such a 
striking contrast between its innocent 
roentgenologic appearance, that of a benign 
cyst, and its true identity, that of a widely 
metastasizing carcinoma, that we thought 
it well worth this case report. As an inci- 
dental feature it emphasizes once again how 
indispensable are previous roentgenograms. 


REPORT OF A CASE 


The patient, JCN, a forty-nine year old 
retired non-commissioned officer, was admitted 
to the United States Naval Hospital, Bethesda, 
Maryland, on April 11, 1955, for excision of a 
“bronchogenic cyst” discovered and followed 
elsewhere since February, 1954. At that time 
a cystic lesion had been detected in the right 
mid-lung field in a routine chest roentgeno- 
gram, but because he was asymptomatic, the 
patient refused surgery. In September, 1954, 
he was admitted to another hospital where staff 
and consultants alike recommended continued 
observation of the cyst. Following bronchos- 
copy at that institution he first began to experi- 
ence small hemoptyses. These persisted for 
many months but were unaccompanied by other 


symptoms. Six months later, because of an in- 
crease in the size of the cyst, he was advised to 
have a thoracotomy. 

On admission to this hospital the patient 
stated that except for a persistent cold he had 
felt well until three weeks previously, when he 
began to notice anorexia and a weight loss of 
fifteen pounds. The hemoptyses had ceased one 
month prior to admission and he denied any 
cough, expectoration, dyspnea, wheeze or chest 
pain. There had been no fever or night-sweats. 
For the past thirty years he had smoked one 
package of cigarettes daily. Remainder of the 
history, including a review of systems, was 
negative. 

At physical examination he was found to be 
well-nourished and alert, his appearance belying 
any appreciable weight loss. Significant findings 
were limited to the chest. The anteroposterior 
diameter of the rib cage was greater than nor- 
mal. The lungs were hyper-resonant to percus- 
sion. Coarse expiratory rales were audible at 
the right base posteriorly but cleared on cough- 
ing. Breath sounds were comparable bilaterally. 
There was no palpable lymphadenopathy nor 
any clubbing of the digits. 

Routine laboratory studies were normal. 
Tuberculin, histoplasmin and coccidioidin skin 
tests were negative. Chest roentgenograms 
(Fig. 1) revealed a 10 cm. thin-walled cyst 
located in the superior segment of the right 
lower lobe. Comparison with a single postero- 
anterior roentgenogram taken earlier (Fig. 2) 
showed a slight increase in size. Previous 
roentgenograms were not immediately available 
for comparison, but from the general description 
of a benign cyst (exact size not stated) it was 
erroneously presumed that there had been no 
great change. The tracheobronchial tree ap- 
peared normal at bronchoscopy. Pulmonary 
function studies showed considerable evidence 
of bronchospasm as manifested by an incre- 
ment in the maximum breathing capacity from 
64.7 liters per minute prior to isuprel adminis- 
tration to 100.9 liters per minute after its use. 


* From the Thoracic Surgical Service, United States Naval Hospital, Bethesda, Maryland. 
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Fic. 1. Posteroanterior aad right lateral roentgenograms of the chest showing a smooth, round, thin-walled 
cyst measuring 10 cm. in diameter located in the superior segment of the right lower lobe. The thickening 
noted in the medial wall of the cyst was not considered significant until after the microscopic demonstra- 


tion of epidermoid carcinoma. 


Fic. 2. Posteroanterior roentgenogram three months 
previously revealing a comparable cystic lesion 
several centimeters smaller containing a fluid level. 


Kive sputum specimens were negative for 
malignant cells. 

On April 20, 1955, under endotracheal ether- 
oxygen anesthesia a free pleural space was 
entered through the sixth intercostal space. 
A large thin-walled cyst could be seen and 
palpated in the apex of the right lower lobe. In 
the course of resecting the superior segment of 
the right lower lobe nothing unusual was en- 
countered, the appearing completely 
benign. was uncom- 
plicated. 

Upon opening the cyst the wall was found to 
be quite thin. The lining showed considerable 
anthracotic pigmentation but was smooth 
throughout except for a slightly shaggy surface 
along one small portion inferiorly. The wall, 
though not very thick in any portion, was 
thicker inferiorly than superiorly. Microscopic 
sections through the wall revealed carcinoma 
throughout the inferior part of the specimen. 
The inner surface showed extensive necrosis. 


cyst 


Postoperative course 


The carcinoma cells were large and contained 
irregular hyperchromatic nuclei and granular 
eosinophilic cytoplasm. Mitotic figures were 
prominent, and there was a slight tendency to- 
ward gland formation. A large bronchus could 
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be seen in one section entering the cavity, at 
which point a ball-valve effect was readily 
imaginable. The lung surrounding the cyst was 
slightly compressed and alveolar macrophages 
were numerous. Pathologic diagnosis: Epider- 
moid carcinoma, grade 3, with necrosis and 
cyst formation. 

The finding of carcinoma came as a complete 
surprise, until initial roentgenograms arrived 
showing the comparatively small size of the 
lesion when first detected (Fig. 3). After much 
debate, it was elected to complete the lobecto- 
my. Accordingly, three weeks after the initial 
procedure the remainder of the right lower lobe 
was resected. In the course of the dissection a 
firm fixed unresectable mass was palpated in the 
subcarinal region. Recovery was uneventful, the 
patient being discharged two weeks postopera- 
tively. The resected specimen showed no 
residual carcinoma. 

Immediately following discharge he devel- 
oped pain in the right hip. Inasmuch as this 
seemed identical to pain that he had experi- 
enced nine years earlier, he ignored it. In early 
July, 1955, the pain increased in severity, 


Fic. 3. Posteroanterior chest roentgenogram taken 
fourteen months prior to operation showing the 
cyst when initially detected. Although the increase 
in size is suggestive of malignancy, neither this 
film nor an accurate report were available pre- 
operatively. 
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necessitating his admission to another hospital 
where roentgenograms disclosed a_ fracture 
through the right acetabulum. He was, there- 
fore, transferred back to Bethesda Naval Hos- 
pital for further management. 

A bone-survey confirmed the presence of a 
destructive process in the right acetabulum. 
Despite a course of deep roentgen therapy 
(3,200 r) the pain continued. Many subcutane- 
ous metastases appeared. Left hip pain subse- 
quently evolved and repeat roentgenograms 
showed additional pathologic fracture 
through the superior ramus of the left pubis. 
Several courses of nitrogen mustard (methyl 
bis [B-chloroethyl] amine hydrochloride) were 
given without significant benefit. Finally, be- 
cause of intractable pain he was placed on 
cortisone, 50 mg. twice daily. Great subjective 
improvement promptly ensued. Nevertheless, 
he progressively deteriorated, though remaining 
relatively pain-free due to steroid therapy. 

On October 30, 1955, he suddenly became 
comatose and expired. Permission for autopsy 
was denied. 


DISCUSSION 

Cavitation within bronchial carcinomas 
is not uncommon. As emphasized by Lie- 
bow,’ the cell type is invariably epidermoid 
some 20 per cent of which form cavities 
greater than 4 cm. in diameter by the time 
they come to necropsy. In such instances 
the walls are characteristically thick and 
nodular, but the roentgenographic appear- 
ance may sometimes simulate a_ lung 
abscess or tuberculous cavity quite closely. 
While the clinical picture usually provides 
a helpful guide as to etiology, the similarity 
may at times be practically identical so that 
even at operation careful attention must be 
paid to such seemingly insignificant details 
as the presence of extensive anthracotic 
pigmentation in the wall of a cyst, a finding 
more suggestive of carcinoma.® The thinner 
and less nodular the wall of the cavity, the 
greater will be the diagnostic difficulty. 
However, for an excavative carcinoma to 
resemble a smooth, spherical, thin-walled 
cyst must be an exceedingly rare occur- 
rence. For one to grow uniformly and 
symmetrically in all directions seems most 
unlikely; for the relatively rigid walls of a 
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once solid carcinoma to balloon up would 
appear impossible under any circumstances. 
Hence, we seriously question a_ purely 
excavative mechanism. 

Certainly, in this case there was a differ- 
ent modus operandi. True, there was evi- 
dence of extensive tumor necrosis along the 
inner surface of the cyst, but the roentgeno- 
graphic evolution of the lesion with its 
rapid increase from a small to a large thin- 
walled cyst, all the while maintaining a 
perfectly smooth round contour, provides 
almost incontestable evidence of an origin 
like that of any tension-type cavity, that is, 
regional obstructive emphysema due in this 
instance to neoplasm. Fluid retention as 
seen on one roentgenogram (Fig. 2) is an- 
other indication of an obstructive element, 
and this is further supported by microscopic 
study of the bronchocavitary junction. 
While regional obstructive emphysema sec. 
ondary to carcinoma is not too uncommon, 
it is most unusual for it to produce a lesion 
resembling the one presented here. Ander- 
son and Pierce,! for example, have analyzed 
6 cases of cystic bronchial carcinoma, all 
more irregular than ours, for which they 
postulate a valvular-obstructive origin. 

There should be no need to point out that 
this is assuredly not an example of a car- 
cinoma arising in a congenital cyst, a mode 
of origin not generally appreciated though 
championed and well documented by 
Korol.?> Having denied the applicability 
of a similar etiology in our case, we feel 
compelled to comment upon the report of 
Larkin and Phillipst whose case, both in 
roentgenographic evolution and _ clinical 
course, showed a remarkable parallelism 
to our own, yet is reported as an instance 
of a carcinoma originating in a pre-existing 
cyst. Granting that in their case the tumor 
was confined to but one part of the cyst 
wall, the initial size, time of appearance, 
and location of the cyst hardly support a 
congenital origin. To us it seems more 


J. W. Peabody, Jr., E. J. Rupmik and J. M. Hanner 


June, 1957 


plausible. that the cyst resulted from, 
rather than antedated the carcinoma, aris- 
ing, we suspect, from check-valve endo- 
bronchial obstruction. As in our case, 
theirs too illustrates how the presence of 
an underlying malignancy may be over- 
looked even with the specimen in one’s 
hand. In our case, had earlier roentgeno- 
grams been obtained prior to surgery, our 
index of suspicion would undoubtedly have 
been greater, but rapid enlargement or not, 
a case like this provides a dramatic demon- 
stration of the need for considerable discre- 
cretion in assaying the significance of any 
thin-walled pulmonary cyst. 


SUMMARY 

A case is presented in which a bronchial 
carcinoma mimicked the roentgenographic, 
clinical and even the operative picture of a 
thin-walled bronchogenic cyst. The origin 
of cavitative and cystic changes secondary 
to carcinoma of the lung is discussed with 
particular emphasis upon the importance 
of regional obstructive emphysema. At- 
tention in called to the hazard in dismissing 
every cystic pulmonary lesion as benign. 


J. Winthrop Peabody, Jr., M.D. 
1150 Connecticut Avenue, N. W. 
Washington 6, D. C. 
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PULMONARY OIL EMBOLISM* 
A COMPLICATION OF HYSTEROSALPINGOGRAPHY 
By JEROME H. SHAPIRO, M.D.,¢ BERTA RUBINSTEIN, M.D.,t 


HAROLD G. JACOBSON, 
MAXWELL H. POPPEL, M.D., 


M.D., F.A.C.R.,§ and 
F.A.CLR. || 


NEW YORK, NEW YORK 


NTRAVASATION of the radiopaque 

medium during hysterosalpingogr aphy 
has been reported in a number of papers in 
the literature.2°75""." Very few reports 
have demonstrated the presence of findings 
in the chest roentgenogram accompanying 
this complication. The following case is re- 
ported to indicate the presence and innocu- 
ous course of pulmonary oil embolism. 


REPORT OF A CASE 


M.E., a twenty-six year old married Negro 
female, gravida 3, para 1, was admitted to the 
hospital on April 11, 1955, because of vaginal 
bleeding of three weeks’ duration. The past 
menstrual history was unremarkable and her 
last menstrual period had occurred on March 9, 
1955. 

On examination, the cervix was soft and 
patulous. No bleeding was noted. The uterus 
was somewhat enlarged. An Aschheim-Zondek 
test was negative. 

A hysterogram was made on April 13, 1955. 
The preliminary scout film disclosed a cluster 
of calcific densities in the region of the uterus 
consistent with a calcified fibroid. Some bleed- 
ing was noted from the cervical os. Roentgeno- 
grams obtained after the injection of lipiodol by 
means of controlled manual pressure showed the 


presence of a filling defect along the left side of 


an enlarged uterine cavity. It was felt that this 
might represent an additional fibroid. A bizarre 
distribution of lipiodol was observed surrounding 
the uterus, characterized by streaks and drop- 
lets of a vascular pattern (Fig. 1). The patient 
experienced no untoward reaction from the 
procedure. On April 15, 1955, a dilatation and 


curettage was performed. Examination of the 
material obtained showed the presence of 
necrotic and degenerating placental tissue. 

A roentgenogram of the chest on April 18, 
1955 (Fig. 2) showed a diffuse, almost granular, 
submiliary, confluent distribution of metallic 


Fic. 1. Roentgenogram of the pelvis immediately 


after hysterosalpingography. Note the streaking 
of opaque medium (lipiodol) in the pelvis. These 
opaque tracts represent the venous drainage of the 
uterus. 


opacities, scattered mostly through the upper 
two-thirds of both lungs and confined to the 
posterior segments. This localization of con- 
trast medium was attributed to the fact that 
hysterography had been carried out with 
the patient in the supine position. The patient 
was followed with interval chest roentgeno- 
grams through August 20, 1955. There was no 
ev idence of opaque oil in the roentgenogram of 
June 11, 1956, or in a subsequent one (Fig. 3). 


* From the Division of Diagnostic Radiology, Montefiore Hospital, and the Department of Radiology, New York University College 


of Medicine, New York, New York, 


+ Adjunct Physician, Division of Diagnostic Radiology, Montefiore Hospital, and Assistant in Radiology, New York University 


College of Medicine 


t Formerly Resident in Radiology, Montefiore Hospital, New York, New York. 


§ Clinical Professor of Radiology, New York University College of Medicine and Chief, Division of Diagnostic Radiology, 


fiore Hospital. 
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J. H. Shapiro, B. Rubinstein, H. G. Jacobson and M. H. Poppel Jose, 195; 


. (A) Posteroanterior roentgenogram of the chest, five days following hysterosalpingography. Note 


the old tuberculous infiltration in the right apex which has been proved stable in the serial examinations. 
The roentgen findings of pulmonary oil embolism, though clearly apparent in the original roentgenogram, 
do not stand out in the reproduction. (B) Magnified “blow-up” of the right lung from 4. There is diffuse 
distribution of metallic, granular and submiliary opacities concentrated in the upper portion of the lung. 


DISCUSSION 


Following the introduction of lipiodol as 
a contrast medium in diagnostic roent- 
genology, Sicard and Forestier® carried out 
investigative studies on the reactions of 
animals and then human beings to intra- 
venous injections of this substance. In the 
humans, the lipiodol reached the lung in 
5-6 seconds and then disappeared suddenly 
after remaining 6-8 minutes in the lungs. 
The patient’s only objective sign was a 
slight cough. 

Walther’ noted in a similar experiment 
with rabbits that practically all of the 
lipiodol was concentrated in the smaller 
veins and capillaries of the lungs. Most 
of the lipiodol, he observed, is broken up 


Fic. 3. Posteroanterior roentgenogram of the chest 
two months following  hysterosalpingography. 
There is no evidence of opaque oil in the lungs. 
The right apical infiltration is unchanged. 
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into its two constituents, iodine and fat, 
by the blood lipases and the lipolytic action 
of lung tissue. The urine serves as the route 
of excretion for most of the iodine, appear- 
ing as potassium iodide during the first 
eight days. The fat is saponified and carried 
off by the circulation. Some of the lipiodol is 
engulfed by phagocytes from the vascular 
endothelium and adventitial cells and by 
the alveolar epithelium. 

Usually, no significant reactions have 
been reported in the literature following 
the intravasation of lipiodol during hystero- 
salpingography. Cough, blood-tinged sput- 
um, chills and fever have been recorded.*” 

On the other hand, death of a sixty year 
old female is reported by Gajzagé' following 
this complication. Autopsy disclosed oil 
emboli in the lungs, heart and kidneys. 
Walther" warns that septic embolization 
may occur in instances when bacteria ac- 
company the lipiodol into the lungs, during 
hysterosalpingography. 


The indications for the performance of 


hysterosalpingography have been well 
documented in a number of reports.*°:? The 
occurrence of intravasation of the medium 
has been considered to be due to: (1) 
trauma induced during the procedure; (2) 
use of excessive pressure during injection; 

presence of hypervascularity or thin- 
walled sinuses in the cervical canal or 
uterine cavity such as in recent menses, 
recent dilatation and curettage and intra- 
uterine pregnancy; (4) use of less viscous 
water-soluble media. In a series of 2,500 
hysterosalpingographies reported by Mar- 
shak, ef a/.? no case of intravasation oc- 
curred with the use of lipiodol, but in 38 
cases intravasation occurred when a water- 
soluble substance had been used. 

Although pulmonary embolization is 
usually an innocuous complication, it 
should be avoided if possible. Hystero- 
salpingography shonin not be carried out 
in the presence of a known intrauterine 
pregnancy, pelvic disease 
with a purulent vaginal discharge or, prob- 
ably, in instances of recent active uterine 
bleeding. 
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When performed, hysterosalpingography 
is best carried out about eight days after 
completion of the menstrual period. A 
similar delay must be allowed following a 
dilatation and curettage examination. The 
procedure should be done with little manual 
pressure and fractional injections of small 
quantities of radiopaque substance. In this 
respect, water-soluble media might be 
considered more suitable. Fluoroscopy has 
also been used to control the injection.' 
A short, blunt tipped or soft flexible tipped 
cannula should be used with avoidance of 
trauma at its Insertion. 

ROENTGEN ASPECTS 

With the occurrence of the intravasation 
of the contrast medium, immediate roent- 
genograms of the abdomen usually outline 
the uterine plexus, and the uterine and 
ovarian veins. When embolism of the lungs 
develops, the appearance is frequently that 
of diffusely and evenly distributed nodular 
densities about 1-3 mm. in diameter. If an 
oily substance is used, these densities have 
the roentgen appearance of opaque oil 
droplets.2* Linear and patchy infiltrates 
have been noted suggesting small pulmo- 
nary vessels and infarcts, respectively.*® 
Some have interpreted these infiltrates as 
representing zones of perifocal pneumo- 
nitis.2. Pleural fluid may accumulate. In 
those instances in which intravasation 
occurs while the patient is in a horizontal 
position, the pulmonary distribution may 
be more concentrated in either the posterior 
or anterior portion of the lungs depending 
upon whether the patient was in the supine 
or prone position when the incident oc- 
curred. 

Radiopaque material visualized in the 
lungs sometime after the immediate episode 
may be contained within phagocytes. 

With the knowledge of previous hystero- 
salpingography and, additionally, the de- 
tection of intravasation in the abdomen, 
the pulmonary manifestations of the acci- 
dent should present no problem in the 
differential diagnosis. When lipiodol has 
been used, its roentgen appearance is 
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usually characteristic; however, when less 
opaque water-soluble contrast media are 
employed, the differential diagnosis should 
also include the various miliary diseases 
of the lungs. The rapid disappearance of 
pulmonary findings, in association with 
the well-being of the patient, should sug- 
gest the correct diagnosis. The fact that a 
hysterography had been performed pre- 
viously will then clarify the situation. 


CONCLUSION 


A case of pulmonary oil embolism com- 
plicating hysterosalpingography pre- 
sented. The pathologic mechanism is dis- 
cussed and suggestions for avoiding this 
complication are submitted. 


Harold Jacobson, M.D. 

Montefiore Hospital 

210th Street & Bainbridge Avenue 

New York 67, New York 
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UNUSUAL PULMONARY CHANGES SECONDARY 
TO CHEST TRAUMA* 


By ROY GREENING, M.D., ADELE KYNETTE, M.D., and PHILIP J. HODES, M.D. 


PHILADELPHIA, PENNSYLVANIA 


ULMONARY changes, seen in the chest 

roentgenogram and at autopsy following 
varying degrees of trauma to the chest, 
have been known and recorded for some 
time.?"!!7 Such changes may be sec- 
ondary to blast injuries, both in air and in 
water, high velocity missiles wounding the 
chest wall, and particularly high velocity 
injuries secondary to automobile and air- 
craft accidents. For the most part, the 
ensuing roentgenographic changes have 
been recorded as areas of consolidation, 
varying in extent according to the location 
and area of the injury. This consolidation 
may involve portions of pulmonary seg- 
ments, an entire lobe, or an entire lung on 
one or both sides. Usually these areas of con- 
solidation disappear fairly rapidly, i.e., in 
a period of six to ten days, occasionally 
appearing and disappearing in forty-eight 
hours in patients with lesser trauma. 

DeTakats, Fenn and Jenkinson,® and 
Daniel and Cate! each produced areas of 
consolidation in the lung opposite to the 
injured one in experimental animals and 
postulate a reflex mechanism in part re- 
sponsible for some of the large areas of 
consolidation or contrecoup type con- 
solidations sometimes seen with chest 
trauma. They further postulate that pul- 
monary consolidation secondary to upper 
abdominal operative procedures may be 
initiated by such reflexes. DeTakats, e¢ ai. 
found that areas of traumatic atelectasis 
occurred in 86 per cent of a series of pa- 
tients with fractured ribs and in 65 per cent 
of patients seen with chest trauma and no 
fractured ribs. 

The group of patients recorded in the 
present report all suffered rather severe, 
nonpenetrating chest wall injuries with 
resultant areas of pulmonary consolidation. 


The unusual feature in each patient was the 
development of varying sized _ air-filled 
cavities within the pulmonary consolida- 
tions. 

These cavities were both unilocular and 
multilocular, centrally and_ eccentrically 
placed and resembled the type of “‘pneuma- 
tocele” formation seen particularly in chil- 
dren secondary to clearing lobar pneumo- 
nias. The time of appearance of the cavity 
or pneumatocele may be immediate, within 
a few hours, or delayed for several days. 
Patients in whom such cavities appeared 
usually had a more prolonged time interval 
before the chest roentgenogram com- 
pletely cleared than those wthout such 
cavities. This may be related to the severity 
of the chest trauma, although this conclu- 
sion is not at all certain. It is extremely im- 
portant to recognize that such air-filled 
cystic spaces can form and that they are not 
tuberculous in nature, do not represent 
lung abscesses and that they will com- 
pletely clear within a relatively short period 
of time with no residual sequelae and with 
little treatment other than symptomatic. 
Bronchoscopy and antibiotics seemed to 
produce no more rapid clearing than in 
those patients in whom such procedures 
were not used. The minimum time of clear- 
ing was ten days and the maximum time 
three months. Contusions without pneuma- 
tocele formation or extensive fractures 
cleared in three days to three weeks. We 
have no experience of the effect of inter- 
costal nerve blocks in this small group of 
patients with pneumatoceles, but in other 
patients with similar consolidations and no 
pneumatocele formation when intercostal 
blocks were used, there was no decrease in 
the time necessary for clearing of the con- 
solidated areas. 


* From the Department of Radiology, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania. 
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Pulmonary contusions with pneumato- 
cele formation are much more frequent in 
roentgenologic practices which include ex- 
aminations of many traumatic injuries. Be- 
cause of the benign nature of these contu- 
sions, pathologic material is not usually 
obtained; however, in one patient of the 
group here presented, the pulmonary symp- 
toms and roentgen changes were so severe 
and prolonged, it was thought best to re- 
move his right lower lobe. In this instance, 
as reported by others, extravasations of 
blood were found in interstitial spaces, alve- 
oli and bronchi. In addition, transudation 
of fluid was found in interstitial spaces and 
may be secondary to the irritating effect of 
the blood possibly increasing bronchospasm 
and exudation of fluid into alveolar and 
interstitial spaces." 

REPORT OF CASES 

Case 1. D.L., a six year old old white female, 
fell from a horse and sustained multiple rib 
fractures. Roentgenograms made hours 
after the injury (Fig. 1) revealed fractures of 
the third and fourth ribs in the right anterior 
axillary line and an area of increased density in 
the right mid-lung field containing an_air- 
filled cyst-like lesion. There was no evidence of 
pneumothorax and no evidence of pleural fluid. 

Subsequent roentgenograms made in 24 
hours and 48 hours revealed a more sharply 


Fic. 1. Case 1. Fractures of the anterior portions of 
the right third and fourth ribs. ‘““Pneumatocele’’ 
within an area of consolidation in the right mid- 


dle lobe. 


Roy Greening, Adele Kynette and Philip J. Hodes 


June, 1957 


Kic. 2. Case 1. Three months later complete clearing 
of the right middle lobe lesion. Healed rib fractures. 


defined area of consolidation. In addition, the 
air space with complete absence of pulmonary 
markings had increased somewhat in size. Ten 
days following the injury there was a decrease 
in size of the apparent pulmonary consolidation. 
At this time a smaller cystic area was still 
visible. At three months both lungs were com- 
pletely clear (Fig. 2). 

Because of the area of consolidation within 
which appeared an apparent cavity, this child 
was extensively studied for the presence of 
tuberculosis. All studies including guinea pig 
inoculation were negative for acid fast bacilli. 


Case i. A nineteen year old white boy suf- 
fered a bruise of the left side of his chest in an 
automobile accident. 

Roentgenograms made within several hours 
of the injury (Fig. 3) revealed a pneumothorax 
on the left side with approximately a to per 
cent collapse of the lung and an indistinctly 
outlined, cloudy area in the left upper lobe. 
Within this clouded area were several air-filled 
spaces. 

One week following the injury the area of 
consolidation was more sharply outlined and 
lobar in distribution, extending out to the 
pleura. 

The several cystic areas were also somewhat 
larger and more sharply circumscribed. At this 
time a roentgenogram made approximately one 
year previous to the injury was available, and 
this revealed completely negative chest findings. 

Subsequent roentgenograms made at weekly 
intervals showed gradual regression of the area 
of consolidation. The patient was completely 
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Fic. 3. Case 11. Left sided pneumothorax with an ir- 
regular area of consolidation in the left upper lobe 
within which are multiple cystic air-filled cavities. 


asymptomatic three weeks after the injury. 
After five weeks he developed a low grade 
fever and brought up a moderate amount of 
sputum. At this time there was some increase in 
the consolidation and some air and fluid levels 
appeared in the cyst-like lesions. At the end of 
approximately eight weeks following the injury, 
the lesion had completely resolved (Fig. 4) and 
the chest remained normal in subsequent follow- 
up examinations, 


Case in. D.C., a sixteen year old white girl, 
suffered a head injury and a contusion to the 
chest wall in an automobile accident. She was 
firsttreated at another hospital where she appar- 
ently had a two day period of unconsciousness. 
Two weeks following the initial injury she was 
admitted to the University Hospital for a study 
of a possible subdural hematoma. At that time 
she was still mentally clouded and the physical 
examination revealed a right hemiplegia. The 
chest roentgenogram showed a sharply outlined 
lobular consolidation in the lower portion of the 
right lower lobe. Within this area of con- 
solidation, several cyst-like cavities were dem- 
onstrated. No rib fractures were identified. 
Investigation for the presence of a subdural 
hematoma disclosed no evidence of such. She 
remained in the hospital approximately two 
weeks during which time she had no cough or 
fever. Her tuberculin test was negative and 
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gastric washings were negative for acid fast 
bacilli. 

Subsequent roentgenograms showed gradual 
clearing of the area of consolidation and grad- 
ual disappearance of the cystic areas. Follow- 
up examinations made at three, five and 
eighteen months revealed completely normal 
chest roentgenograms in a patient who was 
asymptomatic. 


Case tv. This twenty-one year old white man 
was in an autombile accident in which his chest 
struck the steering wheel of the car he was 
driving. Following the accident he was momen- 
tarily unconscious. At the time of the admission 
to the hospital, his main complaint was rather 
severe pain over the entire right side of the 
chest. Other than this he was asymptomatic. 
His past history was noncontributory. 

On physical examination there was a bruise 
over the anterior portion of his chest and some 
pain on pressure anteriorly and laterally. There 
were some dullness and distant breath sounds 
over the lower one-half of the right hemithorax 
posteriorly. The remainder of the physical 
examination disclosed no abnormal findings. 
The laboratory examinations revealed a white 
blood cell count of 18,000, hemoglobin of 13 
gm. and a normal urine. 

The initial roentgenogram of the chest (Fig. 


Fic. 4. Case 11. Roentgenogram made eight weeks 
later showing complete clearing of the left upper 
lobe lesion and disappearance of the pneumo- 
thorax. 
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Fic. 5. Case tv. Large thick walled cavity with an air fluid level within a sharply circumscribed area of con- 
solidation in the right lower lobe. This cleared completely in three months. 


5) demonstrated a sharply circumscribed area 
of consolidation in a major portion of the right 
lower lobe. There were no rib fractures and the 
remainder of the chest was clear. Subsequent 
roentgenograms three days later showed a thick 
walled, multiloculated cavity containing sev- 
eral fluid levels within the area of consolidation 
in the right lower lobe. This remained essen- 
tially unchanged for the next two weeks. 

Seventeen days after the injury, the patient 
developed some added respiratory distress and 
a right thoracentesis was done with removal of a 
small amount of serohemorrhagic fluid. Follow- 
ing this procedure and with no change in the 
roentgen appearance of the chest, the patient 
developed a septic type temperature and it was 
felt necessary to perform a thoracotomy. The 
right hemithorax was operated on with resection 
of a portion of the tenth rib, the periosteal bed 
and a segment of underlying pleura. This 
permitted entrance into the large cavity in the 
right lower lobe. Digital exploration and inspec- 
tion of the interior of the cavity revealed about 
100 cc. of brick red, purulent, sanguinous fluid. 
The fluid was aspirated and a portion of the 
shaggy wall of the cavity removed for histologic 
study. 

Microscopic examination revealed extensive 
old hemorrhage with hematoma of the pleura 


and adjacent lung parenchyma, resulting in 
partial organization and fibrosis. There was 
chronic pneumonitis associated with fibrosis in 
the relatively less involved pulmonary paren- 
chyma. The cavity was drained and it healed 
uneventfully. 

The man returned to full activity ten weeks 
after his initial injury. His final roentgenogram 
revealed only several linear fibrotic strands in 
the right lower lobe. 


Case v. This twenty-two year old white man 
was admitted to the hospital with a history of 
being caught by the closing canopy of an F-9- 
K-5 airplane causing injury to his chest and left 
arm. Subsequent to the injury he fainted and 
was found by a fellow worker. At this time, he 
was quite pale, sweating and having some 
shortness of breath. Immediate treatment was 
instituted with administration of oxygen and 
morphine, following which he was sent to the 
hospital. 

His past history was unremarkable except 
for some hematuria in June, 1952. Upon admis- 
sion to the hospital the patient’s main com- 
plaint was pain and cough on deep breathing. 

Physical examination disclosed some tender 
abrasions and contusions across the anterior and 
posterior aspects of the upper portions of the 
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right side of the chest. Expansion was symmet- 
rical bilaterally. Breath sounds were dimin- 
ished over the mid portions of the chest both 
anteriorly and posteriorly. There was some 
hyperresonance to percussion. Laboratory ex- 
amination revealed a white blood cell count of 
22,500, a hemoglobin of 14 per cent and a 
normal differential count. 

Roentgenograms of the chest made approxi- 
mately three hours after the injury showed an 
irregular area of consolidation in the anterior 
segment of the right upper lobe near the hilum. 
The remainder of the chest revealed nothing 
abnormal. There were no rib or vertebral frac- 
tures. 

The patient was treated conservatively with 
aspirin and codeine and antibiotics. The clinical 
course was then uneventful. On about the sixth 
day after admission the patient coughed up a 
small amount of an apparently well organized 
blood clot. Subsequent roentgenograms of the 
chest demonstrated no appreciable change in 
the size or shape of the area of consolidation in 
the right upper lobe, but there were multiple 
varied sized cystic cavities within the consolida- 
tion (Kig. 6). Repeated roentgenograms made 
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during the next three weeks showed gradual dis- 
appearance of the consolidation and cystic 
areas. Six weeks after the injury the patient 
had a normal appearing chest roentgenogram 
and was returned to full activity. 


Case vi. E.M., a twenty-three year old white 
man, was in an automobile accident in which he 
suffered a head and chest injury. At the time 
of entry into the hospital, he was somewhat 
irrational. There were multiple small abrasions 
and scratches about the face and some bleeding 
from the left ear. The pupils reacted equally 
and there was a slow strabismus of the left eye 
with lateral gaze. In addition there was some 
questionable weakness of the entire left side. 
There were also multiple gross skin abrasions 
over both arms and the anterior chest wall on 
the right side. The positive laboratory findings 
were limited to a two plus blood in the urine on 
the initial examination with gradual clearing. 
No gross kidney or bladder lesions were present. 
Roentgenograms of the skull revealed a left 
temporal skull fracture extending across the 
squamous portion of the temporal bone. In 
addition there was clouding of the mastoid 


Hic. 6. Case v. Roentgenograms made six days after injury showing several sharply circumscribed areas of 
consolidation in the right upper and lower lobes with multiple varied sized cystic cavities within the con- 


solidation. No sequelae were present six weeks later. 
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Fic. 7. Case vi. Roentgenograms made two days after injury showing a sharply circumscribed area of con- 
solidation in the anterior segment of the right upper lobe within which are several cystic cavities. 


cells on the left side; however, a fracture line 
could not be identified. The chest roentgeno- 
grams were made with the patient supine and 
showed a fairly sharply circumscribed area of 


Fic. 8. Case vi. Six weeks after injury no 
visible abnormalities remaining. 


consolidation in the right upper lobe. In addi- 
tion, there was thought to be a fracture of the 
anterior portion of the right fifth rib with no 
displacement of the fragments. Subsequent 
roentgenograms of the chest revealed no ap- 
preciable change in the size of the consolidation 
in the right upper lobe, but within two days 
multiple, varied sized cystic spaces appeared 
within the area of consolidation (Fig. 7). These 
were characteristic of previous ““pneumatoceles”’ 
demonstrated in the other similar injuries. On 
the fourth hospital day the otorrhea from the 
left ear stopped, and by this time the patient 
was perfectly rational and cooperative. His 
chest pain and neurologic findings gradually 
cleared over the next several weeks, and he was 
returned to full activity six weeks after his 
injury. The final roentgenogram of the chest 
at the time of his discharge from the hospital 
(Fig. 8) and subquent roentgenograms have all 
revealed no abnormal findings. 


SUMMARY 

1. Varying degrees of chest trauma with 
or without rib fractures may produce pul- 
monary consolidations of varying size. In 
certain patients subsequent rounded cyst- 
like cavities develop and disappear without 
further therapy. 
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2. Such cavities should not be confused 
with tuberculous or other granulomatous 
cavity producing diseases. 

3. SIX case reports are presented. 

Roy Greening, M.D. 
3400 Spruce Street 
Philadelphia 4, Pennsylvania 
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ROENTGENOGRAPHIC DETECTION OF MINIMAL 
PNEUMOTHORAX IN THE LATERAL 
DECUBITUS POSITION* 

COSTOPHRENIC SINUS SIGN 
By STANLEY ABO, M.D. 


CLEVELAND, OHIO 


HE lateral decubitus position has long 

been useful in the roentgenographic 
examination of the abdomen and chest. The 
particular value of this position lies in its 
ability to demonstrate shifts of fluid and 
gas. We have found it helpful in the detec- 
tion or confirmation of the presence of a 
pneumothorax. 

In the upright position, the free pleural 
air of a pneumothorax distributes itself as a 
mantle over the upper parts of the partially 
collapsed lung. The diagnosis is based upon 
the demonstration of the fine line caused 
by the visceral pleura after its separation 
from the parietal layer. There is a complete 
absence of lung markings between the two 
pleural layers. Unfortunately, a small 
pneumothorax may escape detection de- 
spite a diligent search for pleural separa- 
tion. On upright films, evidence of a small 
pneumothorax must be searched for in the 
apical portion of the lung field. In this 
region the first three ribs, clavicle and 
scapula tend to obscure the pulmonary 
shadows. Furthermore, the pulmonary 
markings are normally sparse in this periph- 
eral area of the lung. Some patients, be- 
cause of pain or general weakness, may be 
unable to stand or sit for upright roent- 
genograms. Finally, mobile and other roent- 
gen equipment making use of a large focal 
spot or requiring long time exposures may 
not give fine enough detail to visualize the 
fine line of the detached visceral pleura. 

A diagram of the chest sectioned in the 


coronal plane shows the relationship of 


the parietal pleural reflections to the lung 
(Fig. 14). The lowest pleural reflection, 
(lowest point of the costophrenic sinus), 
is at the mid-axillary line and reaches to the 


tenth rib or tenth intercostal space. The 
lung also extends farthest downward later- 
ally, but even in deepest inspiration falls 
considerably short of the bottom of the 
costophrenic sinus. Thus, the costal and 
diaphragmatic parietal pleurae are here in 
contact during all phases of respiration and 
most of the costophrenic sinus is roentgeno- 
graphically invisible. 

A diagram of the chest, representing a 
coronal section of a hemithorax inthe 
lateral decubitus position, again shows that 
the only part of the costophrenic sinus that 
is roentgenographically visible is that part 
containing lung (Fig. 14). When free air is 
present, it will ascend to the uppermost por- 
tion of the pleural cavity, which, in the 
lateral decubitus position, is the costo- 
phrenic sinus (Fig. 1c). In pneumothorax, 
the costophrenic sinus is seen as a distinct, 
bulging, air-filled sac extending much 
farther caudad than the lung (costophrentc 
sinus sign). The lung and visceral 
pleural line project into the cranial portion 
of this sac. 

Roentgenograms made in the lateral 
decubitus position, utilizing a horizontal 
ray, have demonstrated otherwise unde- 
tected cases of pneumothorax; in other in- 
stances, such films have made definitive a 
previously doubtful diagnosis. The shape 
of the air-filled costophrenic sinus is very 
characteristic and constitutes a helpful sign 
in the diagnosis of pneumothorax. In addi- 
tion, the free air above the costophrenic 
sinus is more clearly seen against the lateral 
chest wall than it is in the apical area on 
upright films. This is because the visceral 
pleural line crosses, not parallels, the ribs. 
The patient lies on his unaffected side with 


* From the Department of Radiology, Mount Sinai Hospital of Cleveland, Cleveland, Ohio. 
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Fic. 1. (2) Diagram of chest sectioned through the coronal plane showing the caudal extent of costophrenic 
sinus (A). Note that the lowermost lung margin (C) is well above the bottom of the sinus. The diaphrag- 
matic parietal pleura (B) and costal pleura form a potential space. (4) Normal hemithorax in the lateral 
decubitus position showing that the diaphragmatic and costal pleural surfaces are normally in contact in 
the costophrenic sinus (A). Sinus is thus not visible on roentgenogram. (c) Costophrenic sinus sign of 
pneumothorax. The free pleural air balloons out the space between the diaphragmatic and costal pleurae 
(A). The lung (C) projects only part way into this air sac. 


enough padding placed under the lower 
ribs to insure proper elevation of the region 
of the costophrenic sinus. The exposure 1s 
made during expiration. 

The following two cases have been 
selected to illustrate the aid that may be 
obtained from lateral decubitus films in 
the diagnosis of small pneumothoraces. 


REPORT OF CASES 


Case t. This young woman had a history of 
recent chest trauma incurred during an auto- 
mobile accident. A posteroanterior chest film 
(Fig. 2a) showed several fractures of the ribs 
of the left hemithorax but no definite evidence 
of pleural separation. Because of abdominal 
pain, films of the abdomen, including a lateral 
decubitus view, were obtained. This latter film 
disclosed a large, air-filled, bulging costo- 
phrenic sinus with the lung margin clearly out- 
lined (Fig. 24). The extent of this air pocket ts 
considerably more caudad than the lung nor- 
mally reaches. Several days later, after ab- 
sorption of the free pleural air, the lateral de- 
cubitus film showed a costophrenic angle of 
normal size and depth (Fig. 2c). 


Case ut. This young girl had been stabbed in 
the right chest. A posteroanterior chest film 
showed only a “high” right diaphragm; no 
evidence of pneumothorax (Fig. 34). The lat- 
eral decubitus film clearly showed the costo- 
phrenic sinus sign of pneumothorax (Fig. 34) 
as well as fluid levels. The “high” diaphragm 
was really infrapulmonary fluid (blood). 


DISCUSSION 
Roentgenographic examination of pa- 
tients with a history of chest trauma, or 
possible pneumothorax from other causes, 
should include a lateral decubitus view of 
the lower chest. In the absence of an adhe- 
sive pleuritis, the costophrenic sinus will 
balloon out with air and present the char- 
acteristic costophrenic sinus sign. Even 


when sufficient pleuritis is present to seal 
the sinus, the free air will be clearly seen 
against the lateral chest wall. 

An attempt was made to compare the 
roentgenologic appearance of known small 
amounts of free pleural air in the upright 
posteroanterior and lateral decubitus pro- 
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normal costophrenic angle. 


Fic, 2. Case 1. (a) Posteroanterior roentgenogram showing chest in expiration. 
axillary line. Definite evidence of pneumothorax is not seen. (4) Cut-out of lateral decubitus film of abdo- 
men. Costophrenic sinus sign present. Note caudal extent of sinus. Visceral pleural line retouched for re- 
production but clearly seen on original film. (c) Lateral decubitus*film after absorption of free pleural air; 


Kic. 3. Case ul. (a) Posteroanterior roentgeno- 
gram showing chest in expiration. “High” 
right diaphragm. No evidence of pneumo- 
thorax. (4) Lateral decubitus view showing 
costophrenic sinus sign. Arrows show fluid 
levels. Visceral pleural line retouched for 
reproduction. 


Fractured ribs present in left 
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jections. Exactly 50 cc. of air was injected 
into the right pleural cavity of an elderly 
female in cardiac failure during a thora- 
centesis. The upright inspiratory and 
expiratory roentgenograms showed no de- 
tectable evidence of pneumothorax. The 
lateral decubitus film (Fig. 44) showed free 
air in a deformed costophrenic sinus with a 
definite fluid level. In another patient, 100 
cc. of air was injected. This time several 
different interspaces were used during the 
removal of fluid because of the inability to 
obtain sufficient fluid at any single site; 
some bleeding also occurred. Chest roent- 
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genograms made immediately afterwards 
showed the pneumothorax in both the up- 
right and lateral decubitus positions. The 
costophrenic sinus sign was not present 
(Fig. 44); its absence was probably due to 
an adhesive pleuritis which had sealed the 
costophrenic sinus and had also interfered 
with the removal of fluid. However, the 
free air was still more readily detected on 
the lateral decubitus view than on the up- 
right posteroanterior film because the 
visceral pleural line is at right angles to 
the curve of the ribs. 


The lateral decubitus view is easy to 


Fic. 4. (a) Lateral decubitus view of right chest following removal of 1,500 cc. of fluid and injection of §0 cc. 
of air into right pleural cavity. Costophrenic sinus sign present (pneumothorax not seen on upright films). 
Kluid level shown by black arrows. White arrows show v yrs il pleura of partially collapsed lung. Note that 


the costophrenic sinus is deformed by pleural adhesions. 


6) Lateral decubitus view of right chest following 


traumatic thoracentesis and injection of 100 cc. of air ea pleural cavity. Costophrenic sinus sign absent; 
pleural adhesions have probably sealed the sinus. Note that the free air is easily detected and that the de- 
tached visceral pleural line is seen at right angles to the curve of the ribs. 
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obtain in patients unable to stand or sit 
for upright views because the patient lies 
on the unaffected side. The procedure is 
also simple in infants. 

When the use of roentgen equipment 
which does not give fine film detail is neces- 
sary, the lateral decubitus view is especially 
useful. The characteristic shape of the 
costoprenic sinus in pneumothorax is in it- 
self fairly diagnostic. Also, the probability 
of detecting the detached visceral pleural 
line is greater in the lower part of the chest 
than in the apical region. 

The view does not replace upright films; 
it supplements them. A pneumothorax 
completely confined within pleural adhe- 
sions may be overlooked on lateral decubi- 
tus films. The extent of the pneumothorax 
is difficult to judge from lateral decubitus 
films alone because slight changes in the 
positioning of the patient, especially in 
regard to elevation of the lower chest, 
produce varying shapes to the air-filled 
costophrenic sinus. 


Stanley Abo 


JUNE, 1957 


SUMMARY 


1. Roentgenographic examination of the 
chest in the lateral decubitus position has 
been found useful in detecting the presence 
of small pneumothoraces when a definite 
diagnosis could not be made on conven- 
tional upright posteroanterior inspiratory 
and expiratory roentgenograms. 

2. The costophrenic sinus sign has been 
explained and illustrated with diagrams 
and reproductions of roentgenograms. 


Stanley Abo, M.D. 
133 South Lasky Drive 
Beverly Hills, California 
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VISIBILITY OF PULMONARY STRUCTURE WITH 
SPECIAL REFERENCE TO EXCISED LUNG 


By CHARLES PATCHIN ODERR, M.D. 


NEW ORLEANS, LOUISIANA 


URGER! of the Netherlands and Ne- 

well and Garneau’ in this country have 
studied the visibility of certain phantoms in 
relationship to the lungs in situ. Their find- 
ings indicate that the thickness required for 
a phantom to be visible increases very 
rapidly when its diameter falls much below 
half a centimeter. The parenchymal struc- 
tures of the lung are considerably below 
this threshold of visibility. This is true even 
under the most favorable circumstances 
with regard to the patient and the appara- 
tus. However, if one studies lungs which 
have been removed from the body, many 
of the finer structures come within the 
range of visibility. 

Resink* has studied excised lungs stereo- 
scopically with a conventional roentgen 
tube and has shown that almost all of the 
visible detail represents actual structures 
and not summated shadows. Summated 
shadows are, for the most part, background 
density or densities not in any way resem- 
bling the individual structures. On the other 
hand, the amount of detail which is visible 
is dependent on other factors which were 
not studied. His photographs, as well as 
those of Greening and Pendergrass,” demon- 
strate the limitations of the conventional 
roentgen tube for visualization of pulmo- 
nary detail due to its relatively large focal 
spot and relatively great inherent filtra- 
tion. 

The 0.3 mm. focal spot roentgen tube im- 
proves the visibility with regard to size, but 
the inherent filtration of the standard frac- 
tional focal spot tube still blocks the very 
soft rays which are needed to produce 
roentgenographic shadows of the delicate 
pulmonary parenchyma. The parenchymal 
structures are not only small and thin, but 
are also of light density. As a result of these 
considerations, we shifted to a beryllium 
window tube for study of excised lung. 


With this we saw, for the first time, a 
recognizable representation of pulmonary 
parenchymal detail. Single alveoli are not 
shown, but patterns composed of multiple 
layers of alveoli and small vessels are dem- 
onstrated. Vessels as small as 0.01 mm. in 
diameter are visible. By cutting thinner 
and thinner slices of the lung,* one obtains 
progressively clearer representations of the 
unit structures. However, the thinnest 
slice that the beryllium window radiation 
would record on available film was still 
thick enough to contain many layers of 
primary lobules. 

For the slices below 1.0 mm. thickness, f 
the best film representation of parenchymal 
structure was obtained by what we have 
termed a fluorescent photograph. To pro- 
duce this the specimen is sandwiched be- 
tween a slow intensifying screen and a type 
M industrial film. The “sandwich” is placed 
in a tight-fitting cassette and exposed to 
approximately 20 ma. sec. at 120 kv. peak 
and 36 inch distance. The small amount of 
of roentgen ray that reaches the film pro- 
duces a minimal, or possibly negligible 
effect on the slow emulsion. The principal 
factor effecting the emulsion is the fluores- 
cent light. By this method individual 
alveolar walls and individual alveolar 
spaces can be identified when the film is 
examined with a lens, or enlarged photo- 
graphically. Ten times magnification is a 
comfortable degree of enlargement. 

The anatomic study can be extended by 
sectioning in different planes. Sagittal, 
coronal, and cross section planes have been 
used. Sections of varying thicknesses are 
cut and each thickness used according to 
the method best adapted to it; 7.e., beryl- 


* It was possible to do this after the lung was dried out in the 
inflated condition. 

+ Beryllium window on the unit used was 0.08 inch thick. 

¢ Optimal thickness is 0.1 to 0.3 mm. 
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Fic. 1. Beryllium window roentgenogram (20 kv. peak) of a cross section of dried normal lung. Note bronchial 
artery (slender straight arrow) on the left hand bronchus, and small cyst connection to right hand bron- 
chus (curved arrow). Each of these bronchi have their associated pulmonary artery showing. A pulmonary 
vein (thick straight arrow) is between, and is larger. Section is +1 cm. thick. From an enlargement X 6. 
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Fic. 2. Fluorescent photograph of dried normal lung from a man aged seventy. Note how the smallest units, 
representing alveoli (slender solid arrow), cluster about larger units, representing sacculi (““U-turn” arrow). 
The sacculi with adjoining atria and ducts seem to occupy the major portion of the total volume. Bron- 
chioles of various sizes and accompanying pulmonary arteries are identifiable (thick straight arrow points 
between one such pair). Pulmonary veins (slender outlined arrow) are seen without accompanying bron- 
chus. Delicate septa (thick outlined arrows) dividing the lung into secondary lobules are clearly shown, and 
lymphatic channels accompanying septa are faintly visible. Section is +0.1 mm. thick. From an enlarge- 
ment 6, 
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lium window roentgenography for sections 
above one millimeter and fluorescent pho- 
tography for sections below one millimeter. 
In the thicker sections one can study the 
systems of branching of the vessels and 
bronchi. From such a study one gets the 
impression that, embryologically, the shapes 
of the lobes must be set first because the 
pattern of vascular and bronchial supply 
seems to be determined by the adoption of 
the optimum branching system for each 
space requirement. The visibility of the 
pattern formed by multiple layers of termi- 
nal bronchioles is not as good as that of the 
smaller vascular terminations. The reason 
for this is the lack of strong contrast such 
as is provided for in the small vessels by 
dried blood. The dried blood in the small 


vessels makes them traceable roentgen- 
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ographically in sections several centimeters 
thick. Medium sized vessels which have 
been drained of blood and distended with 
air are remarkably similar roentgenograph- 
ically to the air-filled bronchi, and the two 
may be difficult to differentiate. One can 
identify the larger vessels by tracing them 
out to a zone where their lumina contain 
dried blood. The further distinction be- 
tween arteries and veins is made by posi- 
tion. The arteries accompany the bronchi, 
and the veins course through the paren- 
chyma alone. The veins occupy positions 
between the arteriole-bronchiole sets, some- 
what analogous to the anatomy of the 
hepatic veins. The hepatic veins are 
solitary in contrast to the hepatic arteries, 
which are accompanied by biliary ducts. 
Bronchial arteries have also been seen and 


Fic. 3. Beryllium window roentgenogram of normal lung showing good filling of small vessels with dried 
blood. Pulmonary vein (“U-turn” arrow). Pulmonary artery (slender straight arrow). Bronchus (thick 
straight arrow). Section +0.5 cm. thick. From an enlargement XS. 
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Mic. 4. Beryllium window roentgenogram of lung from a patient with collagen disease (lupus erythematosus). 


Note destruction of normal architecture and loss of v ascularity due to fibrosis. Section +1 cm. thick. From 


an enlargement of 


their terminations near the level of respira 
tory bronchioles demonstrated. 

The terminal ramifications of the bron- 
chioles are traceable, by fluorescent photog- 
raphy, into alveolar sacs and into individ- 
ual alveoli. This depends, of course, on 
finding areas where the related terminal 
structures happen to course in the plane 
of the thin slice.* The smallest air spaces 
visible (alveoli) in fluorescent photographs 
are close to 0.1 mm. in diameter and the 
walls of these structures are perhaps a 
tenth of the diameter of the lumen, or about 
0.01 mm. (1ou). Many alveoli were larger. 
We were suprised and gratified at the de 
gree of sharpness produced in the fluores- 

* It is expected that the continuity of the terminal air-contain 


ing structures will be best demonstrated by a thinner 


window than was available tor this study. 


cent photograph of these parenchymal 
structures. 

The measurements of the saccull, atria, 
ducti, and respiratory bronchiole in a man 
ot seventy varied from 0.2 mm. to 0.8 mm. 
but seemed to be widely variable in differ- 
ent parts of the lung. 

The delicate septa, which to some degree 
divided the lung into secondary lobules, 
were clearly visualized in the fluorescent 
photographs. The evidence that these 
structures divide the pulmonary segments 
into completely separate units is lacking, 
but they do appear to form at least an in- 
complete three dimensional mosaic pattern, 


+ Dried specimens will naturally show increased diameter of 
lumina and corresponding shrinkage of wall thickness. The ratio 
between the thickness of a dried wall and its thickness in the 
“wet” state has not been determined. 
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with units intermediate in size between that 
of the primary lobule and the bronchopul- 
monary segment. 

Smaller lymphatic vessels around blood 
vessels and bronchi are visible when seen in 
cross section. The larger lymphatic vessels 
associated with pleural surfaces are identi- 
fied by their location and their valves. 
These course through many _ secondary 
septa as well as through the major fissures. 

Under the binocular dissecting micro- 
scope, the three dimensional mosaic pattern 
formed by the air sacs of the primary lob- 
ules is remarkably well demonstrated. By 
using various combinations of reflected and 
transmitted light and changing the focal 
plane as one studies a given field, it is 
possible to follow the details of the struc- 
ture through layers several hundred times 
as thick as ordinary sections. Capillaries of 
0.0 mm. in diameter are visualized 
throughout most of their length. Elastic 
fibers, septal (epithelial) cells, lympho- 
cytic aggregations, as well as capillary 
networks in the bronchial walls, are all 
visible. 


CONCLUSION 


Beryllium window roentgenography and 
fluorescent photography are useful methods 
for studying the anatomy and pathology of 
excised lung when the specimen can be 
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dried in the inflated state. Structures far 
below the visibility threshold for either clin- 
ical or postmortem roentgenograms, made 
with conventional tubes, are clearly shown, 
Beryllium window roentgenography dem- 
onstrates vessels as small as 0.01 mm. in 
diameter, and visualizes patterns produced 
by alveolar walls. Fluorescent photography 
visualizes individual alveoli. 


1601 Perdido Street 
New Orleans, Louisiana 
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TESTING OF PHOTOFLUOROGRAM INTERPRETERS 
BY THE USE OF PHANTOMS WHICH PRODUCE 
FALSE INFILTRATES SIMILAR TO TUBER- 
CULOUS LUNG LESIONS 


By HELGE NIELSEN* 


COPENHAGEN, DENMARK 


HENEVER the reliability of a roent- 

genographic method used in a lung 
survey has to be tested, it 1s essential to 
achieve, or to possess, precise information 
about the lung status of the subjects com- 
posing the study group. This knowledge 
can only be obtained if both a reliable 
roentgenographic method and a procedure 
of interpretation which gives accurate read- 
ings are present. 

The first attempts to analyze these 
problems and to fulfill the above condi- 
tions were done by American teams, each 
consisting of radiologists, chest specialists 
and a statistician. Their work resulted in a 
series of 

These attempts disclosed the subjective 
errors in independent interpretations of 
roentgenograms and photofluorograms of 
the lungs, 7.e., the inability of a reader al- 
ways to agree with other readers, or to be 
consistent with himself in his interpreta- 
tions of the same set of films. This inter- 
individual variation and intraindividual in- 
consistency in the interpretation was not 
small and constituted a major obstacle in 
the attempts of the investigators to reach 
unanimous and, thereby, unambiguous in- 
terpretations during the studies mentioned 
above. 

Thus, in the testing of roentgenographic 
methods,' it was impossible to define the 
lung status of the subjects composing the 
study group. photofluorographic 
interpretations were tested,® it was dif- 
ficult to decide with certainty which photo- 
fluorograms contained lesions which should 
have been noticed by the interpreters. Here 
the use of roentgenograms as “‘umpires”’ 
did not help because both the independent 


readings and the group readings of the 
roentgenograms taken during the ensuing 
follow-up examination were influenced by 
the inevitable interindividual variation. An 
increase in the number of readings will 
diminish this uncertainty in the interpreta- 
tion of each of the roentgenograms, but 
will also increase the number of “‘question- 
able” roentgenograms, 7.e., those roent- 
genograms where a unanimous interpreta- 
tion cannot be achieved and which have to 
be omitted if only absolutely accurate inter- 
pretations are acknowledged. 

Some of the above inconveniences may 
be avoided if a suitable number of photo- 
fluorograms in a study contains artificial 
lesions (false infiltrates) similar in size, 
texture and contrast to small tuberculous 
lesions in the lungs. 

This is achieved by the use of phantoms. 
Follow-up examination with an “umpire- 
method” is then unnecessary and_ the 
identification and the correct interpreta- 
tion of the “abnormal” photofluorograms 
will present no problem. Before such 
phantoms are made, patients known to 
have small tuberculous infiltrates in the 
lungs are roentgenographed on full-sized 
films. By means of visual comparison and 
densitometry, the phantoms are adjusted 
to produce similar shadows (false in- 
filtrates) when they are roentgenographed 
through a human chest on full-sized films. 
Figure 1 shows a roentgenogram with a 
false infiltrate in the left second inter- 
costal space produced by phantom no. § on 
a full-sized film. 

Kor the present study a series of phan- 
toms was made which produced false in- 
filtrates on full-sized films roughly from 


* Head: Department for Mass Surveys, Central Chest Clinic, Copenhagen, Denmark. 
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Fic. 1. Roentgenogram of phantom no. 5. The false 
infiltrate in the left second intercostal space is 
produced by roentgenographing the phantom 
through a normal chest on a full-sized film. 


8-10 mm. by 11-12 mm. up to 16-17 mm. 
by 18-19 mm. in size. These figures are un- 
certain because it was impossible to give 
the precise borderline between the false in- 
filtrates and the normal lung tissue. It was 
still more difhcult to measure the densities 
of the false infiltrates and of the surround- 
ing lung fields, attempting to give figures 
of contrast. However, when the false infil- 
trates were superimposed on lung tissue, or 
on a rib as well, the contrasts ranged from 
about 0.1 to about 0.4. 

Photofluorograms containing false infil- 
trates are made by exposing the phantoms 
through the chest of persons known to have 
normal lungs. Figure 2 shows a 70 mm. 
photofluorogram containing a false infil- 
trate situated in the left first intercostal 
space and behind the second rib, 7.e., in the 
middle of square H-3 in the system of refer- 
ence. The false infiltrate is produced by the 


above mentioned phantom no. ¢. 
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It needs to be pointed out, however, that 
because the phantoms are outside the chest 
and near the fluorescent screen, there will 
be no unsharpness caused by movements or 
by the size of the anode. These objections 
are perhaps not vaild because the two fac- 
tors have already influenced the lung lesions 
which are imitated. When  photofluoro- 
graphed, a “natural” lung infiltrate is al- 
ways additionally enlarged because the 
anode-screen distance used in photofluorog- 
raphy is shorter than the anode-film dis- 
tance used in roentgenography. 

alse infiltrates, however, are not simi- 
larly enlarged in the photofluorogram be- 
cause the phantoms are placed near the 
fluorescent screen and the cassette, and 
thereby are not influenced by a change in 
distance. Thus, the interpreters are able to 
discover false infiltrates which correspond 
to smaller ones than those created in the 
roentgenograms, aided perhaps by the 
ensuing steeper opacity gradient of the 
false infiltrate in the photofluorogram. 

To ensure an accurate localization of the 
false infiltrate in the photofluorogram, the 


Kic. 2. A 70 mm. photofluorogram with a false in- 
filtrate situated in the left first intercostal space 
and behind the second rib, 7.e., in the middle of 
square H-3 in the system of reference. The false 
infiltrate is produced by roentgenographing phan 
tom no. § through a normal chest. 
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chest and the phantom are exposed through 
a graph of reference which causes a roent- 
genographic shadow.?* The graph of refer- 
ence is inside the board to which the phan- 
tom is attached and corresponds to a 
system of reference painted on that side of 
the board which faces the fluorescent screen 
during the exposure. In this way, it is pos- 
sible to know exactly in which square the 
false infiltrates will appear in the photo- 
fluorogram. Figure 3 shows a 70 mm. photo- 
fluorogram of the graph reference and of 
phantom no. § situated in square H-3. 
Figure 4 shows the board mounted, by 
means of hinges, on the front plate of a 70 
mm. photofluorograph. In square H-3, 
phantom no. § is attached to that side of 
the board which faces the front plate during 
the exposure. 

In Uppsala, Sweden, | have had the op- 
portunity of making a test-film comprised 
of 53 mm. by 53 mm. photofluorograms. 
The above mentioned board with the graph 
of reference was placed over the fluorescent 
screen and 101 persons were photofluoro- 
graphed. One phantom was attached to the 


Kig. 3. A vo mm. photofluorogram of the board to 
which phantom no. § Is attached, showing the 
roentgen shadow of the phantom and of the graph 
of reference. When the photofluorogram shown in 
igure 2 was made, the whole system was roent- 
genographed through a normal chest. 
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Kic. 4. The board is mounted by means of hinges 
attached to the front plate of a 70 mm. photo- 
fluorograph. The board contains a graph of refer- 
ence which produces a roentgen shadow. A system 
of reference in congruity with this graph ts painted 
on that side of the board which faces the front 
plate when the board, during the exposure, covers 
the fluorescent screen. Phantom no. § is attached 
to the board in the square H-3. 


board 38 times and 2 phantoms 20 times, 
and the identification numbers of the 
squares in the graph of reference and of the 
phantoms noted. It had to be determined 
on which photofluorograms the relevant 
squares were situated inside the visible 
parts of the lung fields. Only these films 
were to be identified as ‘positives’ by 10 
readers in an investigation of the efficiency 
of interpreters conducted at the Mass 
Radiography Centre of the Royal Swedish 
Medical Board in Stockholm. Some results 
of the experiment are shown in the tables 
accompanying this article. 

During the readings the individual rou- 
tine of the readers was not interfered with; 
however, the noting of the squares in which 
the false infiltrates were found had to be 
added as a supplement to the usual ana- 
tomic localization. The nature of the lesions 
was not revealed, thereby causing no 
embarrassment to the readers when de- 
scribing the texture of the lesions or when 
recommending follow-up examination. 

The study only concerned identification 
of false infiltrates, and the correctness of a 
reading was based upon the localizing of the 
false infiltrates in the correct squares in the 
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graph of reference and not on the decision 
of a follow-up examination. A misinter- 
pretation, if such can be said of false infil- 
trates, did not influence the score of an 
interpreter. 

Under these conditions $9 of the false in- 
filtrates were noticed by one or more of the 
readers. Based on these readings alone, it is 
not possible to decide whether any of the 
remaining false infiltrates were identifiable 
at all. 

Table 1 shows for each of the 10 par- 
ticipating interpreters the number of false 
infiltrates noted and the corresponding 
percentage based on the combined score of 
$9 identifications. The table also gives the 
cumulative number of identifications gained 
during multiple readings when the ethiciency 
through each reader added was (1) in- 
creasing and (2) decreasing. 

Table 1 shows such great variation in the 
results of the readings by the 1o interpreters 
that the score is doubled from the least to 
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FALSE INFILTRATES IDENTIFIED 


Cumu-  Cumu- 
Readers’ Per lative lative 
Code- Number Cent of Number | Number 
Number 59 ( 2 
1) (2) 
I 2 4! 24 SY 
2 26 44 31 $9 
3 31 $3 34 $9 
4 34 58 43 59 
5 39 64 47 59 
6 39 64 52 58 
7 39 64 57 57 
8 43 73 57 56 
9 46 70 $9 
48 $9 45 
Average 37 63 
Identified by 
at least one 
reader $9 100 


The table shows for each 10 readers the number of false in 
filtrates noted and the corresponding percentage based on a com 
bined score of ¢g identifications. Also is given the cumulative 
number of identifications gained during multiple readings when 
the efficiency through each added reader was (1) increasing and 
(2) decreasing. 
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the most successful reader. This must be 
taken into account when partners for dual 
readings are selected. Supposed dual read- 
ings by teams of either less successful or 
more successful readers gave a calculated 
average score of 42.7 identifications of 
false infiltrates; but if the readers of the 
above 2 categories were interchanged, the 
average score was 46.5 identifications. That 
means a IO per cent increase in the effi- 
ciency, without a corresponding increase of 
the work involved. 

Due to the difference in efficiency, the 
number of independent readings necessary 
to ensure identification of a maximum num- 
ber of false infiltrates is influenced by the 
position of the more successful readers in 
the sequence of readings. Many different 
sequences are possible but only 2 are men- 
tioned: the one with an ever increasing and 
the one with an ever decreasing efficiency 
attributable to each reader added (1 and 2 
in Table 1). In the first sequence the maxi- 
mum number of identifications is reached 
after g independent readings and in the 
second after 6 readings, one of the readers 
not increasing the yield. In the present 
study it is impossible to reach the maximum 
number of identifications until those 4 
readers who have made unshared identifica- 
tions have participated. Theretore, the op- 
timal sequence probably consists of about 
5 of the most successtul readers. 

In a study on the efficiency of inter- 
preters, the number of identical interpreta- 
tions considered necessary to ensure the 
correctness of a statement, positive or 
negative, is in fact a matter of choice. In 
order to ascertain how this choice might 
affect the results gained, an investigation 
as to how the efficiency of each of the 10 
readers in the present experiment was in- 
fluenced by a presumed variation in that 
number of identical interpretations was 
made. 

Table 11 shows how often a false infiltrate 
had been identified by a varying number of 
readers and how often each of the 10 
readers participated in these identifications. 
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NUMBER OF TIMES EACH OF THE FALSE INFILTRATES WAS IDENTIFIED BY A VARYING NUMBER OF READERS 
AND HOW OFTEN EACH OF IO READERS PARTICIPATED IN THESE IDENTIFICATIONS 


Number 


Number of of False 


Readers in Infil- 

Agreement trates 
Iden- I 2 3 

tified 
all readers 15 15 15 15 
at least 6 readers 31 22 2 30 
at least 4 readers 42 2 26 30 
at least 1 reader $9 24 26 31 


The table therefore gives the number of 
false infiltrates accepted to be present under 
the corresponding definitions of an accurate 
interpretation, and the number of accurate 
interpretations of each of the 10 readers. 

As mentioned above, sg false infiltrates 
were noticed by at least 1 of the inter- 
preters. If one identification is assumed to 
be enough to confirm the presence of a false 
infiltrate, the average score is 37, or 63 per 
cent and the difference in scores between 
the least and the most successful reader is 
100 per cent. If at least 4 correct identifica- 
tions are considered necessary, the average 
score is diminished by 4, to 33; neverthe- 
less, the average score in percentage in- 
creases to 80, since the total number of 
false infiltrates accepted has decreased to 
42. This difference of 17 had been built up 
by contributions from 8 of the readers. The 
difference between the 2 readers mentioned 
above is now only 70 per cent. If 6 or more 
correct identifications are considered neces- 
sary, the average score is further reduced 
to 28, but the average score in percentage 
increases to g0, being 100 for 2 of the 
interpreters, since the total number of false 
infiltrates accepted has decreased to 31. 
The difference in efficiency is now only 40 
per cent. 

Thus, the analysis shows that in the 
present study efficiency figures were influ- 
enced by the conditions considered neces- 
sary to ensure the accuracy of an identifica- 


Number of Times Each of 10 Readers Participated in the Identifications 


5 6 8 9 fe) Aver- 
age 
15 15 15 1§ 1§ 1§ 1§ 
30 29 30 3 29 31 28 
36 33 34 4! 37 39 33 
39 39 39 43 46 48 37 


tion. The apparent efficiency increased 
whenever the conditions were more exact- 
ing with the result that at the same time 
the interpreters in ever increasing degree 
appeared more equal and better matched. 

It is evident that the cumulative increase 
in the number of identifications influences 
the apparent efficiency of each of the 
readers in the study. The greater the num- 
ber of readers, the greater will be the num- 
ber of false infiltrates identified by at least 
1 of them, until the maximum number of 
false infiltrates have been identified. Cor- 
respondingly, the over-all efficiency of the 
entire group of participating readers will be 
constantly decreasing. 

In an effort to investigate whether the 
apparent efficiency of an interpreter is in- 
fluenced by the efficiency of the other 
readers participating in a study, the 10 
readers were divided into 3 groups. The 
readers in Group 1 had an average efficiency 
of 46, in Group 1 of 64 and in Group 11 
of 77, all in percentage of a total score of 59 
identifications. Each of the readers in the 3 
groups was then presumed to have made 
dual readings with members of his own and 
the 2 other groups. The apparent efficiency 
of each of the 3 groups was then calculated 
as the average of the individual scores 
achieved by each reader in the group during 
these supposed dual readings. Table 11 
gives the average apparent efficiency 
achieved by the readers in each of the 3 
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THE AVERAGE EFFICIENCY (IN PERCENTAGE) OF 3 
GROUPS OF READERS WHEN ASSESSED BY MEANS 
OF SUPPOSED DUAL READINGS WITH READERS 
FROM OWN GROUP AND WITH THE 2 OTHER 
GROUPS 


Partner in the Supposed Dual 
Reading from Group 


l I] 
Group | Sc 5G cf 
Group Il 9S 78 
Group III gs gl 


groups during supposed dual readings with 
their own group and with the 2 other 
groups. The table shows that the ethciency 
is nearly the same in all 3 
members of the same group act as partners. 
However, if the partners are from 2 differ 
ent groups, the apparent efficiency de- 
creases for the readers in the lower group 
and increases for readers in the higher 
group. 

The results of the readings by the | 
interpreters indicate that the apparent 
efficiency of readers in a study, when based 
on the total score gained by the readers dur- 
ing independent readings, is affected by 
factors already decided upon during the 
planning of the study. Two of the factors, 
the definition of a positive photofluorogram 
and the number of participating interpre- 
ters, can be influenced directly. Thus, it is 
possible to prejudice the apparent eficiency 
of the participating readers. The more 
exacting the conditions for a verdict of 


groups when 


positiveness and the smaller the number of 


readers chosen, the higher the apparent 
eficiency of the participating readers. 
Moreover, they will appear well matched 
and equals. A third factor, the relative 
and absolute skill of the interpreters is a 
priori unknown and therefore cannot be 
taken into account during the planning, 
unless those “experienced” and “less ex- 
perienced” are chosen as partners in a 
study. Such a matching will greatly enhance 
the efficiency of the experienced readers and 
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decrease the efhciency of the less experi- 
enced readers. 
SUMMARY 

The interindividual variation and the 
intraindividual inconsistency of interpreters 
during independent readings of photo- 
fluorograms of the lungs constitute major 
difficulties in the evaluation of the ac- 
curacy of photofluorographic interpreta- 
tions. 

These inherent subjectiy e errors pose the 
dilemma of choosing between a high prob- 
ability and a comprehensive accuracy in the 
interpretation. 

The solution of this dilemma has been 
aided somewhat by a study with phantoms 
producing false infiltrates which are similar 
to natural lung lesions in size, texture and 
contrast. A test-film consisting of 
mm. by $3 mm. photofluorograms has been 
made and read independently by 1o inter- 
preters. Because of the quality of the film, 
an identification made by one single reader 
sufficed to ensure the correctness of an in- 
terpretation and to prove the perceptibility 
of a false infiltrate. 

Kiftv-nine of the false infiltrates were 
noticed by it least one of the readers and 
the average score of the 10 readers was Ege 
or 63 per cent, with a variation of trom 24 
to 48 identifications. 

Based on these results it can be stated 
that the number of identical readings con- 
sidered as necessary to prove the presence 
of a false infiltrate (and thereby the 
accuracy of a reader’s interpretation) 1n- 
Huences the eficiency of the readers in the 
percentage of the total number of identit. 
cations under the different conditions. The 
greater the number of the required readings 
and the more exacting the conditions, the 
higher the efhiciency of each individual 
reader, and likewise the higher the number 
of equally matched interpreters. 

The efficiency ot interpretation is also 
influenced by the number of readers par- 
ticipating as a team, and by the relative 
skill of the readers. The lower the number, 


: 
ae 
; 
~ 
ae 
By 
Bs 
x 


Vor. 77, No. 6 Testing of Photofluorogram Interpreters 1083 


the higher will be the efficiency credited to REFERENCES 

each individual. reader; the greater the 1. Brrkevo, C. C., CHamBertain, W. E., PHELps, 
difference in skill, the higher will be the P. S., ScHoots, P. E., Zacks, D., and Yeru- 
eficiency of the relatively more successful sHALMY, J. Tuberculosis case finding; com- 


parison of effectiveness of various roentgeno- 


readers. 
graphic and photofluorographic methods. 7.4. 


Central Chest Clinic M.A., 1947, 133, 359-366. 
Tietgensgade 65 2. Nrevsen, H., and Noscuis, K.-W. On the teach- 
Copenhagen, Denmark ing in the reading of fluorograms by means of 


new phantom. Boll. Schermografico, 1955, 8, 


te 


3. Nietsen, H., and Noscuis, K.-W. Teaching and 
checking of interpreters of fluorograms with 


The writer is deeply indebted to Kaj-W. 
Noschis for cooperation during the preparing 


of the phantoms and the elaboration of the new phantom imitating lung-infiltrates. Danish 
method and to Professor Carl Wegelius, Chiet Med. Bull., 1955, 2, 187. 
of the Mass Radiography Centre of the Royal 4. Wecerius, C. Need of controlled interpretation 
Swedish Medical Board tor his constant en- in mass radiography. Bol/. Schermografico, 1955, 
couragement and for his support in the carrying 5, 45. 
out of the experiment. Jon Thillemann 5: YERt iLMy, J. Statistical problems 
“dics agnosis speci: 

thanked for his help in the statistical part of the methods of medical diagnosis with specia 

reference to x-ray techniques. Pub. Health 
planning of the experiment and in codifying the ' 

It Rep., 1947, 62, 1432-1449. 

re 1 ~ 
6. YerusHatmy, J., Harkness, J. T., Core, J. H., 
_ WHET his and Kennepy, B. R. Role of dual reading in 
indebtedness to the 1o anonymous readers tor mass radiography. 4m. Rev. Tuberc., 1950, 67, 
their zeal and tor their willingness to cooperate. 443-464. 


/ 
WSS 


$7 
= 
> 
S yl VES 


June, 1957 


THE AMERICAN JOURNAL OF ROENTGENOLOGY, 
RADIUM THERAPY AND NUCLEAR MEDICINE 


Editor: LAWRENCE REYNOLDS, M.D. 


Associate Editurs: Harry Hauser, M.D., TRAIAN Leucutia, M.D., Russett H. Moraan, m.p., Epwarer 
B. D. NEvHAUSER, M.D., WENDELL G. Scort, M.D. 
Consulting Editorial Board: See front cover. 
Published by: Cuartes C Tuomas, PuBtisHEr, 301-327 East Lawrence Avenue, Springfield, Illinois. 


Issued monthly. Annual subscription: United States, Mexico, Cuba, Central and South America, $15.00; 
Canada, $16.00; other countries, $17.00. Current single numbers, $1.50. Advertising rates submitted on appli- 
cation. Editorial office, 110 Professional Building, Detroit 1, Michigan. Office of publication, 301-327 East 
Lawrence Avenue, Springfield, Illinois. Information of interest to authors and readers will be found on page vi. 


Oficers and Standing Committees 


AMERICAN ROENTGEN RAY SOCIETY 

President: W. Edward Chamberlain, Philadelphia 
Pa.; President-Elect: Wendell G. Scott, Clayton, 
Mo.; rst Vice-President: Vincent W. Archer, Char- 
lottesville, Va.; 2nd Vice-President: Philip J. Hodes, 
Philadelphia, Pa.; Secretary: Barton R. Young, Ger- 
mantown Hospital, Philadelphia 44, Pa.; Treasurer: 
Robert K. Arbuckle, Samuel Merritt Hospital, 
Hawthorne and Webster Sts., Oakland 9, Calif. 


Executive Council: W. E. Chamberlain, W. G. 
Scott, V. W. Archer, B. R. Young, R. K. Arbuckle, 
Lawrence Reynolds, E. L. Jenkinson, H. B. Elkins, 
J. F. Holt, P. C. Hodges, J. C. Dickinson, J. C. Cook, 
R. M. Caulk, C. A. Good, A. E. Childe, Wilbur 
Bailey, E. B. D. Neuhauser, Chairman, 300 Long- 
wood Ave., Boston, Mass. 

Program Committee: B. R. Young, Philadelphia, 
Pa., H. B. Elkins, Iowa City, Iowa, Lawrence Reyn- 
olds, Detroit, Mich., J. F. Holt, Ann Arbor, Mich., 
E. B. D. Neuhauser, Boston, Mass., H. O. Peterson, 
St. Paul, Minn., Wendell G. Scott, Chairman, Clay- 
ton, Mo. 

Publication Committee: H. G. Reineke, Cincinnati, 
Ohio, V. P. Collins, Houston, Texas, J. F. Roach, 
Albany, N. Y., H. M. Stauffer, Philadelphia, Pa., 
Higdon B. Elkins, Chairman, Iowa City, Iowa. 

Finance and Budget Committee: Wilbur Bailey, 
Los Angeles, Calif., A. E. Childe, Winnipeg, Mani- 
toba, L. W. Paul, Madison, Wis., J. E. Miller, Dal- 
las, Texas, Edward L. Jenkinson, Chairman, Chi- 
cago, Ill. 

Committee on Scientific Exhibits: R. H. Marshak, 
New York, N. Y., Cesare Gianturco, Urbana, III., 
John F. Holt, Chairman, Ann Arbor, Mich. 

Representative on American Board of Radiology: 
H. D. Kerr, St. Michaels, Md., T. Leucutia, Detroit, 
Mich. 

Director of Instructional Courses: H. O. Peterson, 
St. Paul, Minn., Manager of Annual Meeting: 
James C. Cook, 110 Professional Building, Detroit 1, 
Mich. 

Editor: Lawrence Reynolds, 110 
Building, Detroit 1, Mich. 

Fifty-eighth Annual Meeting: Shoreham Hotel, 
Washington, D. C., October 1-4, 1967. 


Professional 


AMERICAN RADIUM SOCIETY 


President: Norman McCormick, Windsor, On- 
tario, Canada; President-Elect Ralph T. Ogden, 
Hartford, Conn.; Vice-President: Franklin L. 
Payne, Philadelphia, Pa.; 2d Vice-President: George 
W. Waterman, Providence, R. I.; Secretary: Theo- 
dore R. Miller, 129 East 36th ors. New York 16, 
N.Y.; Treasurer: Jesshill Love, St. Joseph Infirmary, 
Louisville, Ky. 

Executive Committee: Edith H. Quimby, Chair 
man, New York, N. Y.; John E. Wirth, Pasadena, 
Calif.; Grant H. Beckstrand, Long Beach, Calif. 

Program Committee: Norman McCormick, Chair- 
man, Windsor, Ontario, Canada; Edith H. Quimby, 
New York, N. Y.; Clifford Ash, Toronto, Ontario, 
Canada; A. N. Arneson, St. Louis, Mo.; Ex officio, 
Ralph T. Ogden, Hartford, Conn. 

Publication Committee: Harry Hauser, Chairman 
Cleveland, Ohio; Martin Van Herik, Rochester, 
Minn.; R. C. Hildreth, Kalamazoo, Mich. 

Public Relations Committee: Ethlyn Trapp, Chair 
man, Vancouver, B. C., Canada; J. E. Stapleton, 
Halifax, Nova Scotia, Canada; Edward J. Tabah, 
Montreal, Canada. 

Faneway Lecture Committee: Douglas Quick, 
Chairman, New York, N. Y.; Gioacchino Failla, 
New York, N. Y.; H. Dabney Kerr, St. Michaels, Md. 

Representatives on the American Board of Radi- 
ology: Douglas Quick, New York, N. Y.; B. P. Wid- 
mann, Philadelphia, Pa.; Frederick W. O’Brien, 
Boston, Mass. 

Representatives on National Committee on Radiation 
Protection: Edith H. Quimby, New York, N. Y.; 
Theodore P. Eberhard, Ann Arbor, Mich. 

Committee on Arrangements: Carleton B. Peirce, 
Chairman, Montreal, Quebec, Canada; Ethlyn 
Trapp, Vancouver, B. C., Canada; Origene Du- 
fresne, Montreal, Quebec, Canada; Thomas Glen 
Stoddart, Ottawa, Ontario, Canada; T. A. Watson, 
Saskatoon, Saskatchewan, Canada; M. Vera Peters, 
Toronto, Ontario, Canada; Norman McCormick, 
Windsor, Ontario, Canada. 

Representative on the Board of Chancellors of the 
American College of Radiology: Charles L. Martin, 
Dallas, Texas. 

Thirty-ninth Annual Meeting: Chateau Fron- 
tenac, Quebec City, Canada, May 29-June 1, 1957. 


; 
He 
: 


CLINICAL RADIOLOGY AND STUDIES OF 
PULMONARY FUNCTION 


RECISE information concerning the 

function of the lungs can be obtained by 
physiologists using fundamental knowledge 
which has come from painstaking research 
over the last twenty years. The delicate 
interaction between mechanical factors of 
breathing and gas exchange, and the bio- 
logic factors facilitating or impeding this 
basic function, can be analyzed step by 
step. Mathematical formulas and logarith- 
mic graphs condense much of this informa- 
tion for easy reference. Investigations of 
pulmonary function have been so search- 
ing and the knowledge compiled so de- 
tailed that the situation is analogous to that 
relating to kidney function or cardiac 
hemodynamics. How is the practicing radi- 
ologist to approach this body of knowledge 
and make use of it in clinical problems 
pertaining to the chest? 

Basic knowledge concerning pulmonary 
function? is available to the radiologist and 
should be considered first. Preliminary at- 
tempts to relate some of this knowledge to 
clinical radiology! should be the next step. 
Beyond this point, the inquiring mind and 
intellectual capacity of the radiologist in 
clinical practice can chart his course. We 
are continually challenged to apply results 
of physiologic investigations to medical 
practice. 

kor example, although lung volumes are 
relatively easy to measure, they vary so 
widely in healthy persons that figures ob- 
tained for pulmonary capacity do not 

Barpen, R. P., and Comroe, J. H., Jk. Roentgenologic evalu 
ation of pulmonary function: Correlation with physiologic stud 


tes of ventilation. Am. J. Rap. THerary & Nt 
CLEAR Mepb., 1956, 75, 668-681 

>Comror, J. H., Jr., Forster, R. Dusors, A. B., Briscor 
W. A., and Cartsex, EK. The Lung: Clinical Physiology and 
Pulmonary Function Test. Year Book Publishers Inc., Chicago, 


necessarily reflect the presence of pul- 
monary insufficiency. The most important 
aspect of pulmonary ventilation is the 
amount of air that reaches the a/veo/i and 
the uniformity with which it is distributed 
to them. To obtain this information re- 
quires specialized laboratory procedures 
and interpretation of results by a trained 
physiologist. 

However, experience gained by testing 
can be used in clinical evaluation even when 
special testing methods are not available. 
Any condition where air is prevented from 
reaching alveoli in’ sufficient amounts 
results in hypoventilation with its conse- 
quences, anoxemia, CO. retention, and 
respiratory acidosis. Diseases leading to 
airway obstruction (asthma), mechanical 
inadequacy in respiratory movements of 
the chest (poliomyelitis) and irregular dis- 
tribution of air to alveoli (emphysema) 
produce hypoventilation. 

Even with optimum alveolar ventila- 
tion, anoxemia may be present if alveolar 
capillary blood flow is not regular and 
uniform, and the efficiency of matching of 
alveolar ventilation and alveolar blood 
flow can be determined by appropriate 
laboratory procedures. 

Variations in alveolar ventilation, blood 
flow ratios may be diagnosed by exclusion 
in anoxemic patients. Hypoventilation can 
be eliminated by simple clinical tests (lung 
capacity, roentgenograms for anatomic 
changes). Impaired diffusion of O» across 
the alveolar capillary membrane can be 
measured by more elaborate physiologic 
tests (CO uptake). If these conditions are 
excluded, the presence of an anatomic 
shunt allowing mixture of venous and ar- 
terial blood can be determined by giving 
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the patient O, to breathe instead of air. Ifa 
shunt exists arterial saturation will never 
reach the normal value of 100 per cent. 

Differential diagnosis of this type can be 
of great importance since hypoventilation, 
anatomic shunt, and reversible airway ob- 
struction, all leading to anoxemia, require 
very different methods of treatment. 

Structural changes in the alveolar walls 
may produce anoxemia in the presence of 
normal alveolar ventilation and alveolar 
blood flow by imposing a barrier to the 
passage of O, across the alveolar-capillary 
membranes. This occurs in patients with 
pulmonary fibrosis (sarcoidosis or silicosis), 
pulmonary emphysema, advanced mitral 
stenosis, and after pneumonectomy. It can 
be detected clinically, by determining that 
arterial O, saturation falls during exercise 
and is restored to normal values during the 
inhalation of Os. 

Many clinical examples which demon- 
strate the practical application of physio- 
logic testing to interpretation of disease are 
discussed by Comroe, et a/.2 The following 
illustration is quoted from this source, ““The 
patient is a 68-year-old cigar maker who 
has had several attacks of fever with cough 
and sputum (some-times blood tinged) in 
the past six months. Shortly before study, 
dyspnea and palpitation developed on 
exertion and were becoming progressively 
more severe.” 

“He has a large chest. The percussion 
notes are hyperresonant and breath sounds 
distant. There are no rales. Radiological 
study shows marked pulmonary emphy- 
sema with no evidence of localized disease; 
fluoroscopic examination reveals that the 
pulmonary artery branches are larger and 
more pulsatile than normal. Clinical diag- 
nosis: emphysema. The pulmonary func- 
tion tests were performed as a routine 
study.” (Values for lung volumes, ventila- 
tion, and mechanics of breathing are then 
given, and all are normal. Only anoxemia 
of arterial blood is found which becomes 
normally saturated when the patient is 
given O, to breathe.) To continue: ‘Despite 
the clinical and radiological impressions, 
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the physiologic tests make the diagnosis of 
emphysema untenable because (1) distri- 
bution of inspired gas is normal and (2) the 
MBC and maximal expiratory flow rate are 
normal. The anoxemia cannot be due to 
hypoventilation, since alveolar ventilation 
is normal, or to uneven distribution of gas, 
since distribution is uniform. The anoxemia 
cannot be attributed to a shunt, because 
the arterial blood (hemoglobin and plasma) 
became maximally saturated with O. when 
the patient breathed 100% O.. The low 
arterial O, saturation must, by exclusion, 
be due to impairment of diffusion across the 
alveolar capillary membranes or to uneven 
distribution of pulmonary capillary blood 
flow. (At the time this patient was studied, 
tests of diffusing capacity were not avail- 
able.)” 

“The patient died six weeks later, and 
autopsy revealed multiple pulmonary em- 
boli, but none of the classic signs of emphy- 
sema. The physiological disturbance must, 
then, have been due to uneven pulmonary 
capillary blood flow without uneven distri- 
bution of inspired gas.” 

“Study of this patient emphasizes (1) 
that the clinical and radiological diagnosis 
of emphysema is frequently in error, (2) 
that pulmonary embolism need not lead to 
typical radiological changes, (3) that pul- 
monary embolism need not interfere with 
pulmonary ventilation or with the uni- 
formity of distribution of inspired gas, and 
(4) that disorders of the alveolar-capillary 
membranes or of the pulmonary circula- 
tion can be diagnosed in some cases with- 
out specific tests, by a process of exclu- 
sion.” 

Shapiro and Rigler® and Westermark! 
have noted the occasional difficulty in dis- 
tinguishing avascular pulmonary infarcts 
from areas of localized emphysema in roent- 
genograms. When more radiologists become 
interested in abnormal pulmonary physi- 
ology, greater diagnostic service may be 

> SHapiro, R., and Ricier, G. Pulmonary embolism with 
out infarction. Am. J. & Rap. THerapy, 1948, 60, 
460-465. 


+ WestermMark, N. Roentgen Studies of the Lungs and Heart. 
University of Minnesota Press, Minneapolis, 1948, 
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given patients with obscure diagnoses, 
such as in the case quoted above. 
Radiologic examinations of the chest 
should include attempts to obtain qualita- 
tive estimations of pulmonary function. 
The radiologist fortunate enough to have 
his patients studied in a pulmonary func- 
tion laboratory will become fascinated by 
the results of correlating radiologic informa- 
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tion with that obtained by physiologic test- 
ing. These few favored radiologists can help 
the many of us develop potential informa- 
tion not acquired in chest examinations 
done by routine methods alone. It is up to 
the many of us to know enough to demand 
more help from every source in order to 
extend our physiologic point of view. 


Roserr P. Barpen, M.D. 
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THEODORE WEST 
1885-1957 


THEODORE WEST died on 
January 4, 1957, after a short illness. 
He was born in Springfield, Illinois, on 
August 31, 1885, and received his prelimi- 
nary education in Lincoln, Illinois. After 
his graduation from Albany Medical Col- 


lege in 1916, he interned at Albany Hos- 
pital. 

Dr. West served in both World Wars 
and had a distinguished and somewhat 
unique military career. He entered the 
Army Medical Corps in 1917 as a Lieu- 
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tenant and rose to the rank of Captain 
before his discharge in 1919. In World War 
Il he returned to the Army in 1941, and 
terminated his service with the rank of 
Lieutenant-Colonel in 1946. 

All of Dr. West’s professional life was 
devoted to the practice of roentgenology. 
In 1919, he became head of the Department 
of Roentgenology at the United Hospital, 
Port Chester, New York, from which post 
he retired in October, 1956. After almost 
thirty-eight years of distinguished practice 
at that institution, he was honored by 
being designated Director Emeritus. 

Dr. West followed in the paths of his 
forebears. His maternal grandfather, Dr. 
John Allen, served in the Civil War as a 
contract surgeon, while his paternal grand- 
father, William D. West, was a Captain, 
Engineers, in the Mexican War. His father, 
William D. West, was a Private in the Civil 
War. Dr. Harold C. West, his brother, 
practices in Yonkers, New York. 

Notwithstanding his busy practice, Dr. 
West devoted considerable time to his 
County Medical Society, the Radiological 
Society of Westchester County, and other 
professional organizations. After holding 
several offices in the Westchester County 
Medical Society, he became president of 
this organization in 1936. He was Chairman 
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of the Ninth District Branch in 1937. In 
1953, Dr. West was elected Chairman of 
the Westchester Radiological Society. 
Other societies in which he was active were 
the American Roentgen Ray Society and 
the New York Roentgen Society. He be- 
came a Diplomate of the American Board 
of Radiology in 1934 and, subsequently, 
a Fellow of the American College of Radi- 
ology in 1941. 

An active Thirty-third Degree Mason, 
Dr. West was also a past commander of 
American Legion Post 93 in Port Chester. 
He attended St. Peter’s Episcopal Church. 

Dr. West is survived by his wife, 
Dorothea Arndt West, to whom he had 
been happily married for nearly forty 
vears. 

The goal most men hope for, Theodore 
West attained. Much prestige and respect 
had been accorded him. As a truly great 
physician, he served his patients and his 
brother practitioners well. To those who 
came in daily contact with him, his friend- 
ship was a grand experience. Certainly his 
passing leaves a void that will be difficult 
to fill. 

Those of us who were Dr. West’s friends 
salute his memory with the simple words, 
“Well done.” 

Arnotp M. M.D. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: 
for the courtesy of the sender. 


Die BroncnocrapHie. Von Doz. Dr. E. Stutz, 
Freiburg Br.. und Doz. Dr. H. Vieten, 
Diisseldorf. Cloth. Price, DM 66.-. Pp. 250, 
with 181 illustrations. Georg Thieme. Herd- 
weg 63, Stuttgart, Germany, 1955. 

Those interested in the subject of bronchog- 
raphy will find much of interest in this mono- 
graph. For early outstanding work on bronchog- 
raphy, the authors give credit to Jackson as the 
first to use contrast media in the tracheo- 
bronchial system in 1g1t8, and to Lynah and 
Stewart, in 1921. Bianco, in 1917, had already 
used some lipiodol, and of course much credit 
is due Forestier, Leroux and Sicard for their 
work with lipiodol. Piaggio Blanco and Garcia 
Capurro, in 1935, and di Rienzo, in 1949, are 
among others who receive well-deserved men- 
tion. 

This work, which constitutes a complete 
manual of bronchography, discusses contrast 
media, tracheobronchial anesthesia, the tech- 
nique of application, and the technique of ob- 
taining spot-films or bronchograms 
produced under fluoroscopic guidance. Endo. 
tracheal narcosis 1s also considered, as well 
tracheobronchial function. The rest of the 
book describes the anatomy of the bronchial 
system, normal and pathologic physiology, and 
the morphologic changes. Finally, there is a full 
consideration of the various bronchogenic dis- 
eases. An excellent bibliography is included in 
the book. written and the 
illustrations are really superb. The press work 
and the binding are well in keeping with the 
high standards of the publisher. 

James T. 


The text is clearly 


Case, M.D. 


BRONCHUS 
Huzly, Stuttgart-Gerlingen, 
Bohm, Uberruh/Isny. Cloth. 
Pp. 138, with 258 illustrations. 
Thieme, Herdweg 63, Stuttgart, 
1955. 


By Dr. A, 
and Dr. F. 


Price, $13.55. 


UND 


Georg 
Germany, 


This is a comprehensive clinical study on 
bronchial changes pulmonary tuberculosis. 
The authors base their report on 1,500 patients 
in two large sanatoriums. The roentgenologic 
examination includes routine exposures In all 


projections, overpenetrated films, laminagra- 


Books Received. This must be regarded as a sufficient return 
Selections will be made for review in the interest of our readers as space permits. 


phy, and ample use of bronchography with 
both survey technique and topical studies. 
These procedures form the mainstay of the 
presentation without, however, making the 
book a mere roentgenologic atlas. 

The presentation begins with bronchial 
changes, distortion, crowding, and dilatation 
caused by tubercalods of the lung parenchyma 
without intrinsic tuberculous involvement of 
the bronchi. The changes also include kinking, 
stricture, and bronchiectasis. Another section 
considers the relation of lymph node tubercu- 
losis and bronchus, analyzing compression of 
and perforation into the bronchus, with refer- 
ence to discussions on the numerical 
significance of these perforations. The authors 
report an incidence of 2.6 per cent florid fistulas 
and 8.1 per cent scars after perforation, in their 


recent 


material. This over-all of 10.7 per cent compares 
well with other series in adult tuberculosis. In 
children values up to 23 per cent have been 
reported. Lymphonodular tuberculosis, possibly 
demonstrable by laminagraphy, may lead to 
swelling of the bronchial mucosa and hemopty- 
sis several weeks prior to gross compression or 
perfor ation. 
illustrated by colored bronchoscopic images and 


This section 1s particularly well 


diagrams, In addition to roentgenograms. 

Other chapters deal with distortion of the 
bronchial tree by extrapulmonary changes such 
as pleurisy, pleur al scars and plastic surgical 
intervention, and with bronchial tuberculosis 
proper. 

The diagnosis is documented in all cases by 
bacteriologic or pathologic data. No attempt at 
roentgenologic differential diagnosis 1s made. 
The material is presented in the form of case re- 
ports with ample illustrations. Each chapter 1s 
introduced by the thesis and closed by a thor- 
An extensive “international” 
bibliography 1s appended. The entire volume ts 
informative for the phrhisiologist and radiolo- 
gist. 


ough discussion. 


G. FrerscHner, M.D. 


Dit DIAGNOSE 


LLUNGENTUBERKULOSE? UND 
THerapizt. Von Prof. Dr. Med. P.-G. 
Schmidt, Waldbreitbach. Third edition. 


Cloth. Price, DM 53.-. Pp. 384, with 234 
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illustrations. Georg Thieme, Herdweg 63, 
Stuttgart, Germany, 1956. 


Even though the tuberculous pandemy has 
undergone a spectacular postwar decline, the 
“accepted” methods of antituberculous therapy 
are still changing at an incredible pace. Owing 
to delay in publication, ever so often a panel 
discussion, which establishes a “new” pro- 
cedure, appears in print at a date when the 
praised procedure has become obsolete. Simi- 
larly, the second edition of Schmidt’s textbook 
on tuberculosis, written in 1947, was outdated 
(by his own admission) at the time of publica- 
tion, late in 1948. The radiologist cannot remain 
indifferent to these changes, because at times 
he must face a chest roentgenogram with lucite 
balls, intrapleural oleothorax, or extraperiosteal 
paraffin pack, under which circumstances well 
trained but inadvertent observers have been 
known to offer exhilarating interpretations. 

The material in this third edition is by neces- 
sIty condensed, but fairly well balanced. After 
introductory chapters on bacteriologic, patho- 
logic, and other topics, there follows a section 
on diagnosis, which devotes a relatively limited 
space to the roentgenologic examination, com- 
pensated by profuse illustrations of the text 
with well-captioned reproductions. A_ single 
drawing of pulmonary segments Is Inserted be- 
tween the subsections on percussion and auscul- 
tation. Koch’s antiquated subcutaneous tuber- 
culin test 1s described, but there 1s no mention 


of purified protein derivative ( PPD). ( nly brief 


remarks on functional respiratory tests are 
included. An otherwise well documented clinical 
study of pulmonary tuberculosis, with sections 
on endobronchial lymph node perforation and 
bronchial tuberculosis, lists Boeck’s sarcoidosis 
as a “sclerosing miliary tuberculosis.” 

The part devoted to antituberculous treat- 
ment has several objectionable features. Tuber- 
culin therapy, in conjunction with antibiotics, 
Is recommended in torpid forms, ultraviolet 
rays “are good for” pleuritic residuals and 


“other inactive” conditions, and roentgen 


therapy (s-10 per cent of one TED, ports of 


1lo-12 cm’, filter 4 mm. Al or 1.0 mm. Cu, fort- 
nightly irradiations) is suggested for its fibros- 
ing effect. There is a substantial chapter on 
tuberculostatics and antibiotics, though  per- 
haps too much confidence is being placed in 
conteben and other sulfa compounds. The sec- 
tion on surgery discusses percutaneous punc- 
ture and instillation of cavities, Monaldi’s 
drainage, Maurer’s speleostomy, interventions 
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on the phrenic nerve, extrapleural 
pneumolysis with paraffin pack or with oleo- 
thorax, procedures which are now seldom, if 
ever, used in this country. Undisguised nos- 
talgia pervades the chapters on artificial pneu- 
mothorax, and to a lesser extent on pneumo- 
peritoneum, and on the classical thoracoplasty. 
Only brief mention is made of the “extra- 
musculo-periosteal paraffin plombage”’ which is 
certainly less radical, and better tolerated, than 
the extensive removal of ribs. At the end of the 
section, satisfactory coverage Is given to pul- 
monary resection and to decortication. 

The author’s clear presentation, facilitated 
by the excellent quality of the paper, print, and 
reproductions, makes for easy reading. Alto- 
gether, this is an adequate summary of what the 
last decades have accumulated in phthisiologic 
knowledge. Perhaps subconsciously, the author, 
like many other good practitioners, refuses to 
accept the shotgun type of therapeutic ap- 
proach fostered by the success of the antibi- 
otics. The multitude of procedures presented 
in this book would impose the need for a master 
clinician, capable of selecting the best one in 
any given instance. On the other hand, perhaps 
all these procedures are outlined for the sake of 
completeness. Many of the methods included in 
the test, however, are not only inefficient, but 
often deleterious (unilateral phrenico-exeresis 
can decrease respiratory function by as much 
as 30 per cent). 

This book is therefore not recommended for 
the uninitiated, but it may provide the special- 
ist with fine, practical points, coming from 
Schmidt’s extensive personal experience. For 
the radiologist, perusal of this volume is a 
satisfactory review of the varied types of chest 
surgery to which tuberculous patients have 
been subjected in the recent past. 


kK. R. N. Grice, M.D. 


PrincipLes or Cuest X-Ray Diacnosis. By 
George Simon, M.D., F.F.R., Assistant Direc- 
tor, X-ray Department, Brompton Hospital, 
London; Radiologist, St. Bartholomew’s 
Hospital, London; Demonstrator, Radiologi- 
cal Anatomy, St. Bartholomew’s Hospital, 
London. Cloth. Price, sos. Pp. 183, with 162 
illustrations. F. A. Davis Company, 1914 
Cherry Street, Philadelphia 3, Pennsylvania, 
1956. 

The most interesting feature of this new text 
is its unusual organization. The author, be- 
lieving that an observer’s first obligation is to 
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describe findings accurately, and only then to 
correlate and interpret them, has arranged his 
subject matter according to the appearance of 
roentgenographic shadows rather than accord- 
ing to clinical disease entities. Thus he con- 
siders in succession “homogeneous shadows,” 
“linear shadows,” “high density shadows,” and 
“hypertranslucencies.” 

The first of these chapters treats of effusions 
and of consolidations and atalectases. The 
characteristics of these latter lesions as they 
affect the various lobes and bronchopulmonary 
segments are described in detail. Also included 
here are mass lesions and processes producing 
miliary shadows. The differential diagnosis of 
these lesions is discussed and helpful tables of 
etiologic agents are presented. 

Included in the discussion of linear shadows 
are processes such as pleural thickening; lym- 
phatic dilatation; parenchymal scars; dilated 
bronchi; cavities, bullae, and cysts; and lesions 
producing so-called “honey-combing.”” Under 
“high density shadows,” calcified lesions, hemo- 
siderosis, and opaque foreign substances are 
described. The characteristics of various forms 
of emphysema occupy most of the section on 
hypertranslucencies. 

In addition to the sections cited above, the 
volume contains chapters on cardiovascular 
abnormalities, mediastinal diaphragm 
shadows, the bones and soft tissue coverings of 
the thorax, and finally a section on remote bone 
changes associated with pulmonary disease. 
Also included is a commendable section, “The 
Time Factor in X-Ray Diagnosis and Com- 
parison of Radiographs of Different Dates,” in 
which the author discusses the timing of serial 
roentgenograms in tuberculosis and following 
acute pneumonias and various surgical proce- 
dures. A routine for the comparison of serial 
films is proposed and findings of particular im- 
portance, together with their clinical signifi- 
cance, are tabulated. 

The indications for bronchography and 
laminagraphy and the techniques of these spe- 
cialized procedures are considered at length, 
while the discussion of more standard tech- 
niques is limited principally to positioning. The 
selection of radiographic factors is dismissed 
with the debatable statement, “. . . it is best to 
use a value of kilovolts which will give the de- 
gree of contrast in the radiograph best suited 
to the particular observer.” 

The text is concise, well written, and illus- 


trated with reproductions of excellent quality. 
The author has succeeded admirably in his 
stated purpose of writing a book for the stu- 
dent radiologist and the clinician who is par- 
ticularly concerned with chest diseases. It is not 
an encyclopedic text, however; the bibliography 
is meager; and though it is well indexed, be- 
cause of its unusual organization, the radiolo- 
gist will find it a reference work of limited 
value. 
Wituiam J. Tuppenuam, M.D. 


Diseases oF THE Cuest. By H. Corwin 
Hinshaw, M.D., Ph.D., Clinical Professor of 
Medicine, Stanford University School of 
Medicine; and L. Henry Garland, M.B., 
B.Ch., Clinical Professor of Radiology, Stan- 
ford University School of Medicine. Cloth. 
Price, $15.00. Pp. 727, with 634 illustrations. 
W. B. Saunders Company, West Washington 
Square, Philadelphia 5, Pennsylvania, 1956. 


A scholarly, concise, up-to-date presentation 
of all aspects of chest disease has been pre- 
pared by Dr. Hinshaw and Dr. Garland, both 
well known authorities in their fields of internal 
medicine and clinical radiology. It 1s a pleasure 
to see all recent advances in this field brought 
together in one volume. The most modern as- 
pects of antibiotic, anticoagulant, antiparasitic, 
and antimycotic therapy for the various chest 
conditions are presented. Detailed description 
of clinical manifestations, laboratory findings, 
and roentgenologic interpretation is given in 
each instance, thereby making this not only an 
excellent textbook for students initially learn- 
ing the subjects, but also a comprehensive desk 
reference book for practicing physicians and 
radiologists. 

The initial hundred pages are devoted to 
detailed diagnostic procedures, segmental pul- 
monary anatomy, and pulmonary physiology. 
The heart is discussed only as it relates to pul- 
monary physiology and disease. Roentgeno- 
grams are generally small but numerous, and 
they adequately illustrate conditions dis- 
cussed. A large section of the book relates to 
pulmonary tuberculosis and the most modern 
aspects of its treatment. Bibliographies are not 
cumbersome and they include the latest 19565 
references. This book 1s highly recommended as 
a valuable addition to the bookshelf of every 
practicing physician. 


Arcu H. Hanzi, M.D. 
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BOOKS RECEIVED 


Twenty-First SEMIANNUAL REPORT OF THE ATOMIC 
Enercy Commission. By United States Atomic 
Energy Commission. Paper. Pp. 396, with illus- 
trations and tables. United States Government 
Printing Office, Washington, D. C., 1957. 

Inrestin Grete Coton-Recrum. By Guy Albot, 
Médecin de l’Hétel-Dieu; and F. Poilleux, Chirur- 
gien de l’Hdpital Corentin-Celton. Paper. Price, 
3.400 fr. Pp. 362, with 168 illustrations. Masson 
et C', Editeurs, 120 boulevard Saint-Germain, 
Paris 6°, France, 1956. 

SruDIES ON THE DisrripuTion or Trerium- 
LABELLED DIHYDROSTREPTOMYCIN AND TErRA- 
CYCLINE IN THE Bopy. Acta radiologica, Supple- 
ment 142. By Torsten André. Paper. Price, Sw. 
Kr. 2¢:-. Pp. 98, with 41 illustrations. Acta radi- 
ologica, Stockholm 2, Sweden, 1956. 

THe Measurement Or Bopy Rapioacriviry. Paper 
read at a Conference held at Leeds on April 16-17, 
1956. British Journal of Radiology, Supplement 7. 
Paper. Price, 25 s. Pp. 130, with numerous illus- 
trations and tables. British Institute of Radiology, 
32 Welbeck Street, London, W.1, England, 1957. 

Principles OF UroLoGy; AN Inrropucrory 
BOOK TO THE DISEASES OF THE UROGENITAL 
Tracr. By Meredith F. Campbell, M.S., M.D., 
K.A.C.S., Emeritus Professor of Urology, New 
York University. Cloth. Price, $9.50. Pp. 622, 
with 31g illustrations. W. B. Saunders Company, 
218 West Washington Square, Philadelphia 5, 
Pennsylvania, 1957. 

PostriontnG RaproGrarpuy. By K. C. Clark, 
M.B.F., F.S.R., University of London, British 
Postgraduate Medical Foundation. Seventh edi- 
tion. Cloth. Price, $29.00. Pp. 655, with 
illustrations. Intercontinental Medical Book Corp., 
381 Fourth Avenue, New York 16, New York, 


2,150 


1957. 
Current Laresr Approvepd 
Meruops or TREATMENT FOR THE PRACTICING 


Puysician. Edited by Howard F. Conn, M.D. 
Cloth. Price, $11.00. Pp. 731. W. B. Saunders 
Company, 218 West Washington Square, Phila- 
delphia 5, Pennsylvania, 1957. 

A RaptoLocic Srupy or THE Brain CircuLATION 
BY Rapip SERIAL ANGIOGRAPHY OF THE CaARoriD 
Arrery. Acta radiologica, Supplement 140. By 
Torgny Greitz. Paper. Price, Sw. Kr. 30:-. Pp. 
123, with 28 illustrations. Acta radiologica, Stock- 
holm 2, Sweden, 1956. 

Acrions CuHimiques er Rapi- 

vrions. Edited by M. Haissinsky. Second series. 

Cloth. Price, 3.400 fr. (Paper. Price, 2.800 fr.) Pp. 

222, with 3g illustrations. Masson et C"*, Editeurs, 

120 boulevard Saint-Germain, Paris 6°, France, 
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ROENTGEN CHANGES IN THE CRANIUM IN 163 INTRA- 
AGED O-1§ 


CRANIAL Tumours 1N CHILDREN 
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Years. Acta radiologica. Supplement 141. By 
Helge Hertz and Thomas Rosendal. Paper. Price, 
Sw. Kr. 30:-. Pp. 54, with numerous illustrations. 
Acta radiologica, Stockholm 2, Sweden, !956. 

Recroscopie, By P. Hillemand, 
R. Cattan, A. Lambling, and A. Bensaude. Third 
edition. Cloth. Price, 7.400 fr. Pp. 270, with 127 
figures and 39 color plates. Masson et C*®*, Edi- 
teurs, 120 boulevard Saint-Germain, Paris 6°, 1956. 

Guipe TECHNIQUE ET ToOpOGRAPHIQUE D’ExPLorRa- 
TION BRONCHOLOGIQUE (BRONCHOSCOPIE ET 
BroncHoGraPHie). By Jean Ioannou, Médecin- 
adjoint au Sanatorium de Chivilly, Attaché de 
Bronchoscopie a la Clinique de Pneumo-phtisi- 
ologie de la Faculté de Paris; in collaboration with 
A. Duchet-Suchaux and A. Pinelli. Paper. Price, 
1.400 fr. Pp. 114, with 66 illustrations. Masson et 
Editeurs, 120 boulevard Saint-Germain, 
Paris 6°, France, 1956. 

La CHRONIQUE Evo.urive. By L. 
Isemein, Médecin des Hépitaux de Marseille, and 
A.-M. Fournier, Médecin Electro-radiologiste des 
Hdépitaux de Marseille; with the collaboration of 
P. Ciaudo, A. Trifaud, and Cl. Courtieux. Paper. 
Price, 3.200 fr. Pp. 316, with 1g2 illustrations. 
Masson et Ci*, Editeurs, 120 boulevard Saint- 
Germain, Paris 6°, France, 1956. 

CHirnurGiIE pu Pancréas. By Lucien Leger, Pro- 
fesseur agrégé a la Faculté de Médecine de Paris, 
Chirurgien des Hépitaux de Paris; and Jacques 
Bréhant, Professeur agrégé a la Faculté de 
Medicine d’Alger. Cloth. Price, 4.800 fr. Pp. 504, 
with 154 illustrations. Masson et C'*, Editeurs, 
120 boulevard Saint-Germain, Paris 6°, France, 
1956. 

PracricaL Dermarotocy. By Samuel M. Peck, 
B.S., M.D., Dermatologist to the Mount Sinai 
Hospital, New York, Associate Clinical Professor 
of Dermatology, Columbia University, Associate 
Editor, ‘Yournal of Investigative Dermatology; 
with Laurence L. Palitz, M.D., Ph.D., Attending 
Dermatologist, Island Jewish Hospital, 
Assistant Attending Dermatologist, Mount Sinai 
Hospital, New York, Adjunct Attending Derma- 
tologist, Montefiore Hospital, New York. Cloth. 
Price, $7.00. Pp. 380, with 122. illustrations. 
McGraw-Hill Book Company, Inc., 330 West 
42nd Street, New York 36, New York, 1957. 

RapioLocicaL DiaGnosis or Broncutecrasis. By 
Carl Benignus Arthur Julien Puijlaert. Paper. Pp. 
46, with 44 illustrations. H. E. Stenfert Kroese, 
N. V., 38 Pieterskerkhof, Leiden, Holland, 1957. 
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DIE KRANKE WIRBELSAULE IN 
RONTGENBILD UND KLINIK. PATHOLOGISCH-ANA- 
rOMISCHE UNTERSUCHUNGEN. By Geh. Med.-Rat 
Prof. Dr. G. Schmorl; Fir R6ntgenkunde und 
Klinik by Prof. Dr. H. Junghanns, Oldenburg 
(Oldb.). Fourth edition. Cloth. Price, $20.50. Pp. 
330, with 419 illustrations. Georg Thieme, Herdweg 
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63, Stuttgart, Germany, 1957. 

Basic Founpations or IsoropE TECHNIQUE FOR 
Tecunicians. Edited by Willard C. Smullen, 
M.D., F.A.C.R., Radiologist in Charge, St. 
Mary’s Hospital, Decatur, Illinois. Cloth. Price, 
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ROENTGEN DIAGNOSIS 
HEAD 


Biount, Henry C., Jr. Localized mesothe- 
lioma of the pleura; a review with six new 
cases. Radiology, Dec., 1956, 67, 822-834. 
(Address: 1040 Delaware Ave., Marion, 
Ohio.) 


The literature on localized mesothelioma of the 
pleura is briefly reviewed and 6 new cases are pre- 
sented. This brings the number of cases reported in 
the English literature to approximately ¢¢5. 

Some of the reported cases of mesothelioma of the 
pleura have been entirely asymptomatic. Others had 
mild cough and a feeling of heaviness and vague dis- 
comfort in the chest. Dyspnea, weight loss, malaise 
and chest pain were present in some. Hypertrophic 
pulmonary osteoarthropathy was present in a num- 
ber of the patients. Others showed clubbing of digits. 
Growth of the neoplasm was relatively slow in most 
instances. Both benign and malignant forms of 
localized mesothelioma have been reported. 

Localized mesotheliomas of the pleura may be 
seen roentgenologically at any visceral pleural site 
over the lung surface or in any interlobar fissure, 
or at any parietal pleural site over the chest wall, 
mediastinum, or diaphragm. The masses are gen- 
erally discretely outlined, but the outline may be 
obscured by pleural effusion. Mesotheliomas at the 
surface of the lung usually have the roentgeno- 
graphic appearance of extrapulmonary masses, but 
occasionally movement with the lung during respira- 
tion can be demonstrated. Tumors often are elon- 
gated and roughly lenticular in outline. 

Five of the reported cases were of the benign 
fibrous type. One was a benign localized epithelial 
mesothelioma showing papillary projections, with 
fibrovascular stalks, covered with mesothelial cells 


not unlike epithelial cells in appearance.—Arno. W. 
Sommer, M.D. 
Ovenrors, Cart-Oror. Venous communica- 


tions between the cardiac veins and the large 
venous trunks in the superior part of the me- 
diastinum. deta radiol., Sept., 1956, 46, 
g18-§22. (From: The Roentgendiagnostic 
Department of the Paediatric Clinic, Karol- 
inska Sjukhuset, Stockholm, and the Roent- 
gen Department of the Paediatric Clinic, 
Sahlgrenska Sjukhuset, Gothenburg, Sweden. ) 
The author reports a very interesting case of 
visualization of a previously unreported mediastinal 
vascular network communicating with the coronary 
sinus system. The films of this case illustrate the 
communication of the cardiac veins with the left 
innominate vein via the first intercostal vein on the 
lett and the superior vena cava on the right. 
With additional study on 11 autopsy cases, it was 
possible to confirm this vascular network extending 
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from the coronary sinus system to the left innominate 
vein via the first intercostal vein on the left and the 
superior vena cava on the right in gcases. There was 
no evidence of extravasation in any of these cases 
indicating a direct flow through veins. As a plexus 
cannot be demonstrated by filling of the large veins 
in the superior part of the mediastinum, it is presumed 
that the flow through this area is inappreciable under 
normal conditions. It is postulated that the anterior 
mediastinal vascular plexus serves as a collateral 
circulation in the presence of impediment in empty- 
ing of the cardiac veins.— Thomas D. Allison, M.D. 


Scuorr, S., S. Z., Eviakim, M., 
and Braun, K. Relationship of roentgeno- 
graphic findings to hemodynamics in mitral 
stenosis. Radiology, Dec., 1956, 67, 815-821. 
(Address: S. Schorr, Hadassah University 
Hospital, Jerusalem, Israel.) 


In this investigation the authors have attempted 
to determine the relationship of the size and appear- 
ance of the pulmonary artery, the lung fields, and 
the various heart chambers as seen roentgenologically 
to the hemodynamic data obtained by cardiac 
catheterization in 50 cases of mitral stenosis. These 
studies were carried out because it was realized that 
if it were possible to estimate the degree of pulmo- 
nary hypertension by roentgenographic examination 
of the heart and lungs, great service could be rendered 
to the clinician and cardiac surgeon. 

It was found that moderate or marked enlarge- 
ment of the pulmonary artery and the hilar markings 
was accompanied by elevated pulmonary artery 
mean pressure, and pulmonary vascular and arteri- 
olar resistances. The tendency was to an inverse 
relation between these roentgen findings and the 
hemodynamic data. It was also noted that moderate 
or marked enlargement of the heart was accompanied 
by increased pulmonary and right ventricular mean 
pressures and pulmonary vascular resistance. In- 
crease in heart size was accompanied by a decrease 
of cardiac index. Enlargement of the left atrium was 
always associated with elevated pulmonary “‘capil- 
lary’’ mean pressure. In a few instances mild en- 
largement of the left atrium was accompanied by 
extremely high pulmonary “capillary” mean pres- 
sure. 

The appearance of the peripheral lung fields did 
not correlate well with the pulmonary artery and 
“capillary” mean pressures and pulmonary arteriolar 
resistance. The authors state that normal peripheral 
lung fields were sometimes found in patients with 
severe pulmonary hypertension.—/. Ralph Watson, 


ABDOMEN 


Wana, C. C., and Perersen, James A. Malig- 
nant lymphoma of the gastrointestinal tract: 
Roentgenographic — considerations. deta 
radiol., Sept., 1956, 46, §23-§32. (From; De- 
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partment of Radiology, Massachusetts Gen- 
eral Hospital, Boston, Mass.) 


The authors present a review of 165 cases of malig- 
nant lymphomatous involvement of the gastro- 
intescinal tract. They note that these gastrointestinal 
cases represent approximately 10 per cent of all the 
lymphoma cases admitted to their general hospital. 
Of this group 66 had roentgen studies available. The 
site of the lesion in 4 cases was esophageal, in 48 
gastric, in 12 in the small intestine and in 2 in the 


large intestine. The lesions exhibited a variety of 


roentgenographic patterns mimicking a variety of 
organic lesions. It is felt by the authors that based on 
roentgen examination alone a differentiation between 
carcinoma and solitary lymphoma of the esophagus 
or colon cannot be made. 

In the stomach, however, the diagnosis may be 
suggested. The unusual roentgen findings in the 
stomach in malignant lymphoma include (1) exten 
sive involvement with paucity of clinical complaints, 
(2) extreme widening of the gastric folds, (3) stitfen- 
ing and thickening of the gastric wall without undue 
interference with peristalsis and (4) extension of the 


lesion through the pylorus to involve the base of 


the duodenal bulb in some cases. 

In lymphoma of the small intestine which rep- 
resented 36 per cent of the cases in this series a 
distinctive roentgen finding is the presence of mul 
tiple, ulcerated lesions with relatively normal inter 
vening mucosa, without intestinal obstruction. The 
authors note that, when the involvement of the 
gastrointestinal tract is part of a long standing 
generalized process, diagnosis may be readily estab 


lished. — Thomas D. Allison, M.D. 


Arnetr, Norman L., and Fritpmayn, Paut S. 
A 1 | S 
Lymphangioma of the colon: Roentgen as- 
- 
pects; a case report. Radiology, Dec., 1956, 
67, 882-885. (Address: N. L. Arnett, 1422 
Chestnut St., Philadelphia 2, Pa.) 


The authors report a case of lymphangioma of the 
colon to add to the g cases of this disease of the 
gastrointestinal tract that have appeared in the E.ng- 
lish literature. Described for the first time are some 
distinctive roentgen characteristics which may sug- 
gest the diagnosis. 

The demonstration and visualization of this tumor 
are difficult due to its variable contour and cystic 
nature with the fluid readily passing between its 
thin internal septa. It is best seen when the colon is 
partially distended with barium as it disappears 
when the colon is fully distended and compressed. 
The mass is sharply marginated, peripheral in loca- 
tion, and round or oval in shape. Overlying intact 
mucosa indicates its intramural location. Other 
benign tumors which may exhibit similar roentgen 
characteristics are cavernous hemangiomata and 
lipomata. 

Lymphangiomata are thought to originate in the 
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lymphatic plexus within the submucosa. The cause 
of their development is not known, but the supposi- 
tion that seems most plausible is that the mesenteric 
lymph nodes are obstructed, with a subsequent 
stasis and dilatation of the lymph vessels due to a 
rise in pressure within the lymph nodes. 

A case report is presented in) which a 
phangioma of the ascending colon was found. 
dysart, M.D. 


lym- 


D. N. 


Hyorru, Povi. Cholangiography by bili- 
grafin method with or without preceding oral 
cholecystography ; an attempt to assess the 
reliability of the biligrafin method. Radiology, 
Dec., 1956, 67, 835-839. (Address: Copen- 
hagen) Municipal Hospital, Copenhagen, 
Denmark.) 


The author reports on 270 cholangiographic studies 
with biligratin (chologratin) which were performed in 
the Department of Radiology of the Copenhagen 
Municipal Hospital from November, 1953 to January, 
1955. In 237 cases there had been failure to visualize 
the gallbladder by oral cholecystography, and in 33 
cases the intravenous method was used primarily in 
previously cholecystectomized patients. This exami 
nation was not attempted if the icterus index was 
over 20 since there were several instances of non 
visualization when the index was abnormally high. 

Side ettects from the medium were observed in 27> 
patients. In only 10 (3 per cent of the entire series), 
were thes severe enough to prevent completion ot 
the examination. 

Results were grouped as follows: (1) Normal com 
mon duct and normal gallbladder, 21 cases: (2) 
normal common duct, nonvisualized gallbladder, 139 
(3) dilated common duct, 41 cases; (4) no 


visible excretion, $1 cases; (S$) unsatisfactory exami 


cases; 


nation due to various Causes, 8 cases; and (6) incom 
plete examination because of reactions to the medi 
um, IO Cases. 

A discussion which shows good correlation between 
the roentgen and operative findings is presented. 
The results suggest that fatlure to visualize the gall 
bladder at the time that successful visualization of 
biliary ducts 1s achieved following injection of bili 
vrafin indicates severe changes of the gallbladder, 
cystic duct, or both, with mechanical obstruction 
to the entrance of the opaque medium. In several 
cases, nonvisualization of the gallbladder by the 
oral method was followed by distinet visualization 
when the intravenous téchnique was used. It is 
thought that the reason for this is that the con 
centrating power of the gallbladder wall 1s impaired 
or absent due to disease and the fact that the gall 
bladder becomes visualized following biligrafin in 
jection does not mean the gallbladder is normal. In 
most of the cases where there was no vistble excretion 
of biligratin, the icterus index and liver function tests 
indicating that a cholecystitis cho 


were normal 


langitis was present. 
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The author feels that with intravenous cholang- 
ography more information can be gained about the 
gallbladder and bile duct system when routine and 
repeat oral cholecystographies show a nonvisualized 
or poorly visualized gallbladder.——D. N. Dysart, 


M.D. 


Bertin, Herserr S., Poppet, Maxwe ce H., 
and Srein, Joseru. Intravenous cholangiog- 
raphy: Pitfalls in interpretation. Radiology, 
Dec., 1956, 67, 840-844. (Address: H. S. 
Berlin, Radiology Service, VA Hospital, 
Bronx 68, N. Y.) 


The authors discuss several pitfalls which might 
interfere with the correct interpretation of intra 
venous cholangiographic studies and the means for 
their avoidance. 

Small radiolucent calculi may be masked by the 
dense opacification occasionally produced by cholo 
grafin. Overlying shadows of the liver, kidney and 
loops of small intestine which may contain some 
opaque material may produce deceiving images. The 
renal excretion of cholografin may simulate the bile 
passages, particularly if the renal pelvis should be 
bifid and the upper calyceal system lies on or near 
the same plane as the bile ducts. The stratification 
phenomenon produced when chologratin fails to mix 
with the bile and gravitates to the dependent por 
tion of the gallbladder produces a circular radiolucent 
shadow suggesting a large lucent stone or free gas 
within the gallbladder. 

Procedures which the authors have found helpful 
to lessen those pitfalls, include a routine oral chole 
cystographic examination in noncholecystectomized 
patients prior to the intravenous study, in order to 
provide a functional evaluation and baseline study 
of the gallbladder. Laminagraphy will help to elimi 
nate obscuring gas and organ shadows. The under 
lying renal collecting system can be separated from 
the biliary tree by utilizing right posterior oblique 
views. The stratification effect may be removed by 
means of a fatty meal stimulus which will break up 
the layering or avoided by ingestion of a fatty meal 
approximately one hour prior to the examination, 

Two case reports are presented and many roent 
genograms are reproduced to illustrate the discus 


sion. —D. N. Dysart, M.D. 


GYNECOLOGY AND OBSTETRICS 


ScHwarz, GERHART S., KinKPATRICK, Ros H., 


and ‘Tovett, Harotp M. M. Correlation of 


cephalopelvimetry to obstetrical outcome 

with special reference to radiologic dispropor- 

tion. Radtology, Dec., 1956, 67, 854-862. 

(Address: G. S. Schwarz, 622 West 168th St., 

New York 32, N. Y.) 

The corrclation of roentgen cephalopelvimetry by 
the Ball method to obstetrical outcome was deter 
mined by charting obstetrical results and roentgen 


measurements on graphs. It was found that the 
method of Ball produces roentgen predictions with 
an accuracy of go per cent or better, except when 
mid-pelvic disproportion is present. The use of an 
orthometric view to obtain a more reliable measure- 
ment of the interspinous diameter appears from a 
preliminary survey to give at least a 10 per cent 
improvement in accuracy of predictions at the mid- 
pelvis. 

The graph method of charting measured cases 
made it possible to arrive at the following roent- 
genometric classification of cephalopelvic dispropor- 
tion in which the Ball method gives the best results: 

Kor the Inlet: (A) “No Disproportion”: All cases 
in which the volume of the fetal head is smaller than 
or equal to the volume capacity of the inlet; (B) 
“Boderline Disproportion”: All cases in which the 
volume of the fetal head exceeds the volume capacity 
of the inlet but by not more than 7o cc.; (C) “High 
Disproportion”’: All cases in which the volume of the 
fetal head exceeds the volume capacity of the inlet 
by more than 70 cc. 

lor the Mid-Pelvis: (A) Disproportion”’: (1) 
All cases in which the volume of the fetal head is 
smaller than or equal to the volume capacity of the 
bispinous diameter. (2) All cases in which the volume 
of the fetal head is larger than the volume capacity 
of the bispinous diameter but does not exceed it by 
more than go ce.; (B) “Borderline Disproportion”’: 
All cases in which the volume of the fetal head ex- 
ceeds the volume capacity of the bispinous diameter 
by more than go but not more than 220 cc.; (C) 
“High Disproportion”’: All cases in which the volume 
of the fetal head exceeds the volume capacity of the 
bispinous diameter by more than 220 cc. 

Certain deficiencies have become apparent: (1) 
The method is less accurate at the mid-pelvis than 
at the inlet; (2) the method is less accurate in the 
presence of disproportion than in its absence; and (3) 
the number of cases falling into a roentgenologic 
borderline groupis too large at the mid-pelvis. Despite 
these deficiencies, the results with the Ball method 
compare favorably with those obtained with the 
method of Chassar Moir or that of Caldwell, Moloy, 
and Steer.—-Harold C. Hamilton, M.D. 


GENITOURINARY SYSTEM 


Ransom, Cuartes L., Lanpes, R., and 
MeLettanp, Roperr. Air embolism follow- 
ing retroperitoneal pneumography: A nation- 
wide survey. ¥. Urol., Nov., 1956, 76, 664 
670. (Address: C. L. Ransom, 776 Main St., 
Danville, Va.) 


The authors have reviewed the literature, and 
added one case of their own in which embolism was a 
cause of death following presacral retroperitoneal 
pneumography. As a result of their survey, they find 
that 58 deaths and 64 severe nonfatal reactions to 
gas emboli have resulted from retroperitoneal 


pneumography. In general, the presacral route ap- 
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pears to be the less hazardous method of injection, 
and carbon dioxide, because of its solubility, is 
recommended as the best contrast medium for retro- 
peritoneal pneumography. Although there is uni- 
versal agreement that the patient should be placed 
in the left side down position whenever the first sign 
of difficulty occurs, at least 2 of the patients in this 
series died in spite of this particular maneuver. Five 
of the nonfatal cases, all which were injected by the 
presacral route, were thought to have been saved 
by rotating the patient to the left side down position. 

One illustration and § charts are included. 


W. Chamberlin, M.D. 


George 


Graves, F. T. The anatomy of the intrarenal 
arteries in health and disease. Bris. ‘¥. Surg., 
May, 1956, 43, 605-616. (From: King’s Col- 
lege Hospital, London, England.) 


A beautiful and intricate study of the intrarenal 
arteries and veins is presented utilizing colorful plas 
tic casts and arteriograms. On the basis of arterial 
distribution, the renal parenchyma is divided into ¢§ 
segments—the apical, upper, middle, lower and 
posterior—each of which is supplied by its own 
artery. The mainstem of the renal artery divides into 
an anterior and a posterior branch before entering 
the hilum. The upper, middle, and lower segments 
arise from the anterior branch, while the posterior 
segment comes directly from the posterior branch. 
The artery to the apical segment arises usually from 
the anterior branch, but it may also arise from the 
upper segment artery, the mainstem artery, the 
aorta itself, or even the posterior branch. 

Many experiments have proved that there is no 
collateral arterial circulation between renal segments. 
In contrast, the intrarenal veins anastomose freely. 
The main venous trunks vary from | to 4 in number, 
and they are interconnected by a series of arcades. 

Many of the so-called accessory or aberrant ar- 
teries are in fact normal segmental arteries whose 
origin from the mainstem is precocious. This is im- 
portant since the ligation of a vessel on the grounds 
that it is accessory will lead to necrosis of a segment 
or part of a segment. In 63 per cent of normal 
kidneys the artery to the lower segment has the most 
proximal origin, arising from the anterior branch, 
the mainstem artery, or even the aorta itself. 

A differentiation between renal cyst and neoplasm 
is often possible by arteriography. With cysts there 
is no diminution of the vascular supply, except for 
the avascular area occupied by the cyst itself. The 
normal cortical pattern with glomerular “‘boutons” 
extends right up to the edge of the cyst. In a neo- 
plastic renal disease, one or more segmental branches 
will be absent and the arterial supply to the tumor 
area diminished. There may be pooling of the con- 
trast medium about the periphery, and smaller 
segmental branches are arranged about the tumor 
like “grasping fingers.” In advanced cases, there may 
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be no recognizable pattern due to intrarenal spread 
by way of the freely anastomosing venous channels. 

A study of the segmental arterial distribution in 
calculus disease showed very little disturbance in the 
arrangement of the intrarenal arteries. Even with 
marked hydronephrosis and staghorn calculi, the 
segmental arteries were not displaced or reduced in 
caliber. However, the finer cortical arteries were 
extremely frail, elongated, and tortuous when com- 
pared to the normal. 

Finally, the author discusses renal aortography at 
operation using specially designed needles, and a 3 by 
§ inch waterproof film pouch, which is slipped into 
the wound behind the kidney. This technique had 
been used on § occasions successfully, but it is still 
in the experimental stage.— Arch H. Hall, M.D. 


Burke, Donatp Tsotope radiographs for 
localization of renal calculi during surgery: 
A new truly portable radiographic unit using 
a radioisotope (thulium 170) as an energy 
source. F. Urol., Nov., 1956, 76, 508 
(Krom: Department of Surgery, Division of 
Urology, University of California Medical 
Center and the Urology Section, Veterans 
Administration Hospital, Los Angeles, Calif.) 


Sig. 


The author reports a new completely portable, 
lightweight, radiographic unit containing the radio- 
isotope thulium 170 for use in the assisting of the oper- 
ative removal of renal calculi. This unit has many 
advantages over ordinary roentgen-ray equipment tn 
the operating room. In addition to its mobility and 
small size, it eliminates the explosion hazard. The 
initial cost is said to be low. The disadvantages 
associated with such a unit are the lack of fine detail 
associated with a short focal! film distance and the 
relatively large size of the source, particularly when 
held in the hands of the operator. However, for 
gross lesions in tissues of small or moderate density 
the unit 1s quite satisfactory as shown by the author’s 
experience. George W. Chamberlin, M.D. 
BoreHnaM, Perer. The surgical spread of cancer 

in urology. Brit. Ff. Urol., June, 1956, 28, 

163-175. (From: St. Mark’s Hospital, Lon- 

don, England.) 


The author has compiled a series of 29 cases of 
probable metastases from carcinomas of the urinary 
tract. Transitional cell tumors can be shown to shed 
malignant cells into the urine with varying profusion 
and frequency. Although natural implantation of 
malignant cells is known to occur, it is doubtful 
whether this method accounts for the spread of tran 
sitional cell tumors down the ureter or across the 
bladder, unless there is some break in the mucous 
membrane or some area of granulation tissue. 

This series included 6 cases of recurrence of car 


cinoma of the bladder occurring in the urethra and § 
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cases where it occurred in a prostatic bed after pros- 
tatectomy had been performed in the presence of 
bladder carcinoma. The other 15 cases had recurrence 
in the scar of an open operation. After approximately 
§ percent of open operations on the bladder, the first 
recurrence was in the scar. Surgical implantation 
does occur and may spoil an otherwise curative 
operation. 

To minimize the risk of urethral implantation, the 
author urges extreme gentleness during all instru- 
mentation using utmost precautions to avoid abraid- 
ing the urethral mucosa. If there is prostatic obstruc- 
tion associated with bladder carcinoma, the latter 
condition should be treated first, if at all possible. If 
both procedures are necessary concomitantly, then 
it is advised to omit sutures usually placed to assist 
hemostasis and trigonization of the bladder neck be- 
hind. The postoperative follow-up should be more 
careful than usual, and the urethrascope should be 
freely used. To prevent scar implants the bladder 
should be W ell Irrigated, just prior to cystotomy, in 
order to wash out all malignant cells in the urine and 
any spill of urine when the bladder is opened should 
be avoided. The use of towels about the bladder inci- 
sion itself is recommended. Careful postoperative 
scrutiny of the scar with an eve to early discovery 
and excision of any recurrence is suggested. An 
appreciation of the frequency of surgically induced 
implant metastasis may lead to more cautious and 


Arch H. Hall, M.D. 


meticulous surgical procedures. 


Nervous SYSTEM 


Brain, Russet. (London, England.) Some 
aspects of the neurology of the cervical spine. 
Y. Fac. Radiologists, Oct., 1966, 8, 74-91. 


Congenital abnormalities of the cervical spine 
include: (1) Basilar impression; (2) occurrence of an 
occipital vertebra; (3) oceipito-atlantal fusion (as 
similation or occipitalization of the atlas); (4) de 
formities of the foramen magnum; (<) malformations 
of the axis, especially those leading to atlanto-axial 
dislocation; (6) cervical spina bifida; (7) the Klippel 
Keil syndrome; and (8) miscellaneous abnormalities, 
including cervical ribs. 

The congenital abnormalities tend to be multiple. 
It is those neurologic 
syndromes which are the effects of the congenital 


necessary to distinguish 
abnormalities upon the nervous system from con- 
genital abnormalities of the nervous system itself, 
which are the results of the same tendency to devel 
opmental error which produced the bony abnormal- 
ities. correlation between 
one type of bony abnormality and one type of neuro 
logic abnormality. 
Oceipitalization of the 


There is no. constant 


atlas has occurred in 
association with other abnormalities, but does not 
appear to have been responsible for symptoms in 


itself. Basilar impression may be the result of a 
congenital abnormality, or it may be due to one of 
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several bone diseases. Various roentgenologic meas- 
urements (Chamberlain, McGregor, Bull, e¢ a/.) are 
discussed. The Arnold-Chiari malformation occurs 
chiefly in 3 circumstances: (1) Usually in infancy as- 
sociated with spina bifida and a myelomeningocele, 
often with hydrocephalus; (2) associated with pri- 
mary basilar impression; and (3) as the sole ab- 
normality. The Klippel-Feil abnormality is often 
associated with the Sprengel shoulder, or it may be 
associated with cervical ribs. In lesions of the odon- 
toid process, it is convenient to use the term “‘atlanto- 
axial dislocation” to cover all displacements of one 
bone or the other. Included in such lesions are: (1) 
Dislocation secondary to the spread of infection in 
the atlanto-axial articulation; (2) traumatic atlanto- 
axial dislocation due to rupture of the transverse 
ligament; and (3) atlanto-axial dislocation due to 
interruption of the odontoid process because of (a) 
simple odontoid fracture, (b) apophysiolysis prior 
of three years, (c) congenital absence, (d) 
failure of union of the odontoid process with the 
rest of the axis, or (e) abnormal laxity of the trans- 
verse ligament in association with assimilation of the 
atlas. In simple atlanto-axial dislocation there is 
slipping of moderate degree between atlas and axis in 
two parallel planes, and abnormal mobility is reduced 
to a minimum when the head is flexed. However, 
when the odontoid process 1s separated and the head 
is flexed, the dislocation between atlas and axis is 
more severe than in simple atlanto-axial disloca- 
tion. The atlas slips forward and downward, so that 
its plane makes with the plane of the axis a progres- 
sive angle open upward and backward. When the 
transverse ligament is ruptured, the odontoid process 
moves laterally together with the axis, but when the 
odontoid itself is fractured, it is fixed to the atlas by 
the transverse ligament and consequently follows the 
displacement of the atlas. 

Neurologic symptoms resulting from atlanto-axial 
dislocation may occur many years after the etiologic 
trauma. If there is clear roentgenographic evidence 
of a congenital abnormality in the occipito-atlantal 
region, the myelopathy may be presumed to be a 
delayed effect of the congenital abnormality on the 
funetion of the medulla and spinal cord. Otherwise, 
there may be no way of deciding whether the initial 
lesion was an odontoid fracture, or whether the in- 
jury caused trouble only because of a pre-existing 
congenital abnormality. 

Neoplasms of the cervical spine are rare. Involve- 
ment may be due to metastasis, as from carcinoma, 
or it may be due to a primary lesion such as neuro- 
fibroma. 

In cervical spondylosis it is the osteophytes which 
are the chief cause of symptoms. Not all degenerated 
disks are the site of osteophytes, and hence, disk 
degeneration in itself is not necessarily a cause of 
symptoms. In roentgenograms of a patient with 
cervical spondylosis, chief attention should not be 
directed to narrowing of the intervertebral disk 


to age 


spaces, but to the presence or absence of an opacity 
projecting into the spinal canal from the posterior 
end of the dis space, and associated with sclerosis of 
the adjacent portions of the vertebral bodies. When 
posterior osteophytes are readily recognizable and 
correspo1d in position to the level of the symptoms, 
it will often be unnecessary to do a myelogram. 
Cervical myelopathy may be more extensive than 
the area compressed, due to tension traction and 
interference with blood supply. It is a common ob- 
servation that motor reflex and sensory functions of 
the spinal cord may be disturbed up to a segment or 
two higher than that which should be compressed by 
the highest disk protrusion. The same is true of 
radicular symptoms. A spinal root from any segment 
of the cervical enlargement may be compressed at 
more than one level of the spine either by a postero- 
lateral protrusion of the intervertebral disk at the 
level at which it leaves the spinal cord or, usually at 
one vertebra lower, by an intraforaminal protrusion 
into the foramen through which it leaves the spinal 
canal. In addition, cervical spondylosis, by narrowing 
intervertebral disks, shortens the cervical spine. The 
spinal cord remains of the same length, and, hence, 
the position of the spinal roots within the interverte- 
bral foramina must be attected, and they may be 
compressed against the lower border of normal inter- 
vertebral foramina. 

In patients with cervical spondylosis a blow on the 
head, particularly one causing forcible extension of 
the neck, may cause severe and even irreparable 
damage to the cervical spinal cord. This is the result 
of complex factors which limit movement and tend 
to impair the blood supply of the cervical spinal 
cord in spondylosis. 

In the cervical arthropathies there are bony 
changes in the cervical spine which closely simulate 
cervical spondylosis and therefore enter into its 
differential diagnosis. The author relates the case 
history of a woman with syringomyelia with second- 
ary arthropathy of the cervical spine, which was 
severe enough at an early age to cause difficulty in 
diagnosis. The bony changes of a cervical arthrop 
athy may be in themselves severe enough to add to 
the neurologic symptoms by compressing the spinal 
cord and nerve roots. Severe cervical arthropathy 
may occur also in tabes. A case is cited of aman with 
tabes of long standing who developed severe pains 
and increase in weakness of the upper extremities in 
spite of apparent adequate treatment of the tabes. 
Roentgen examination disclosed the gross bony 
changes of a cervical arthropathy. Such arthropathy 
associated with syringomyelia or with tabes may be 
severe enough to cause radicular symptoms by com- 
pressing the intervertebral foramina, or even spinal 
cord symptoms by compressing the cord _ itself. 
Samuel G. Henderson, M.D. 


SKELETAL SYSTEM 
Brick, Epcar M. Vertebral osteophytosis; a 


clinical syndrome. 7.4.M.4., March to 
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1956, 760, 828-829. (From: Orthopedic Serv- 
ice, Mount Sinai Hospital, New York, N.Y.) 


The author defines vertebral osteophytosis as “an 
osteogenic proliferation occurring within the verte- 
bral ligaments at their insertions into the apophyseal 
rings of the vertebral bodies.”’ These ossific masses 
vary in size from that of a lentil to a large double 
plaque crossing the intervertebral space. This phe- 
nomenon represents a characteristic reaction to 
strain found at the insertions of powerful ligaments 
into bone at many sites throughout the axial and 
appendicular skeleton—along the iliac crests, at the 
femoral adductor tubercle, and at the insertion of the 
long plantar ligament into the calcaneus. The verte- 
bral process is seen on roentgenograms as the so 
called “‘lipping.”’ 

The condition is sometimes asymptomatic. When 
paintul symptoms do occur, they are likely to return 
with variable intensity at intervals over a period of 
two to four vears. Uncomplicated vetebral osteo 
phytosis is self-limited, responds easily to rest and 
support, and only occasionally requires palliative 
measures. 

The author emphasizes that this unique syndrome 
is not spinal arthritis, hypertrophic or otherwise, nor 
is it inevitably a mark of disk disease. William M. 
Loehr, M.D. 


CusmMano, JoserH V., Baker, Davip H., and 
Kinpy, NATHANIEL. Pseudohypoparathyroid- 
ism. Radtology, Dec., 1956, 67, 845-853. 
(Address: N. Finby, The New York Hospital, 
§2§ East 68th St., New York 21, N. Y.) 


The authors present 6 new cases of pseudohypo 
parathyroidism to add to the 30 now appearing in the 
literature. Diagnostic and roentgen features are em 
phasized. 

Pseudohypoparathyroidism is a familial disease 
with 3} components: first, the metabolic defect, mani 
fest as a failure to respond to parathormone; second, 
bone dysplasia; third, extraskeletal calcification and 
ossification. Symptomatology is predominantly re 
lated to episodes of hypocalcemia. Tetany, with 
muscular hyperexcitability, tonic convulsions, and 
muscle cramps, is seen at some time in every patient 
with this disease. Other findings are mental retarda- 
tion, delayed and defective dentition, cataract forma- 
tion and the characteristic round face and short 
stocky appearance. Commonly, the first, fourth and 
fifth metacarpals and the first and fifth metatarsals 
are short. The involved bones are frequently wider 
than normal. Metacarpal shortening is thought to be 
due to early closure of the involved epiphyses. 
Thickening of the calvarium was a prominent feature 
in the reported cases. 

Extraskeletal calcification and ossification in the 
extremities have been reported in about two-thirds 
of the cases, usually in the vicinity of joints. In other 
forms of hypoparathyroidism the soft-tissue caleifi 
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cations occur almost exclusively in the brain.— 4. 


W. Sommer, M.D. 


Duntap, Knox, Swanson, Atrrep B., and 
PENNER, RAtpH S. Studies of the hip joint 
by means of lateral acetabular roentgeno- 
grams. JF. Bone S Foint Surg., Dec., 1956, 
38-4, 1218-1230. (From: Madigan Army 
Hospital, Fort Lewis, Wash.) 


Studies were made of 400 hips by lateral roentgeno- 
grams of the acetabula by the following method: 

The patient is seated with the thighs together and 
flexed to go degrees. The tube is placed parallel to 
the coronal plane of the body and the Bucky placed 
so the film is at right angle to, and centered beneath, 
the midline of the patient. The tube is tilted to form 
an angle of 30 degrees with the long axis of the body 
and centered over the iliac crest. Metal strip markers 
were used on the wooden seat to facilitate measure- 
ments of the pelvis. 

The width of the pelvis was determined by meas- 
urements on the anteroposterior roentgenogram, 
and then the lateral roentgenogram was used to 
reconstruct a superior-inferior view of the pelvis. 

A base line was drawn between the posterior 
acetabular margins and perpendicular lines erected 
from the intersection of this line with the posterior 
lips. Lines from this point across the anterior margin 
were drawn giving the angle of anterior obliquity of 
the acetabula. 

The method was tested with skeletons and me- 
chanical devices and the maximum error was found 
to be minus 10 degrees with the skeleton extended 
and plus 10 degrees with the skeleton flexed. The 
measurements closely approximated those of Le 
Damany who found the forward inclination of the 
acetabulum to be 35 degrees. 

The authors found practically no variation in the 
angle of forward obliquity of the acetabulum in 
children of different ages. The average for children 
was 32 degrees and 35 degrees in the adult. 

The anterior and posterior acetabular angles were 
also measured and the former averaged 50 degrees, 
and the latter 40 degrees in adults. With growth 
the acetabulum deepens, and the deepest point of the 
acetabulum shifts posteriorly , while the anterior 
angle increases, as compared to the posterior. The 
lium and ischium contribute more to acetabular 
growth than the pubic bone. 

The CA angle was also measured and found to be 
about 25 degrees in the infant, decreasing to 10 
degrees in the adult. This angle shows the relationship 
of the head of the femur to the acetabulum with the 
hip flexed go degrees. It is obtained by erecting a line 
between the anterior and posterior acetabular lips 
with a right angle to the deep point of the acetabulum 
and a second line to the center of the head. The angle 
between these two is the CA angle.—Martha Mot 
tram, M.D. 


Donatp J. (Brooklyn, N. Y.) 
Calculation of the angle of anteversion by 
means of horizontal lateral roentgenography. 
F. Bone Foint Surg., Dec., 1956, 38-A, 
1231-1246. 


The neck of the femur projects medially from the 
shaft forming the cervicofemoral angle, shaft-neck 
angle, or angle of inclination. It also projects an- 
teriorly, forming the angle of anteversion. 

Various methods have been devised, utilizing 
special devices for precise positioning and the true 
angle of anteversion determined by use of a formula. 

The method presented by Magilligan embodies 
similar principles, but without the use of special 
positioning devices and graph is supplied to deter- 
mine the true angle of anteversion. 

The anteroposterior projection is taken with the 
femur held parallel to the table and in neutral posi- 
tion, so the dicondylar plane is parallel to the table; 
the cervicofemoral angle (angle a) is shown on this 
roentgenogram. The lateral roentgenogram is taken 
with the cassette held against the lateral side of the 
thigh and hip, parallel to the long axis of the femoral 
neck, after this is determined from the anteropos- 
terior projection. The head of the tube is brought 
down between the thighs to the level required for the 
horizontal lateral roentgenogram. The cassette must 
be perpendicular to the tube. This roentgenogram 
shows the “projected” angle an anteversion (angle 
3). The true angle of anterversion (angle 8’) is de- 
termined by use of a graph or table in the article 
based on a trigonometric formula. 

The degree of abduction or adduction can be 
varied so the cassette is parallel to the femoral neck 
in the lateral projection, which latter detail is es- 
sential to this method. 

The true angle of anteversion is smaller than the 
projected angle. As the degree of varus increases, the 
discrepancy between 8 and @’ is less marked and in 
valgus it is more marked. 

A number of roentgenograms of models and cases 
are reproduced and the projected angles demon- 
strated. 

The femoral line of reference used to calculate the 
angles may be difficult to draw accurately unless 
care is taken. It does not coincide with the center of 
the shaft, due to the configuration of the shaft. It is 
drawn from the center of the shaft at the junction 
of the shaft and neck to the center of the shaft at the 
level of the condyles. 

With the necessary care, roentgenograms should 
be easy to obtain and to duplicate.—Martha Mot- 
tram, M.D. 


Herpert. Arterial supply to the 
head of the femur; an arteriographic study 
in vivo of lesions attending fracture of the 
femoral neck. Acta radiol., Sept., 1956, 76, 
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533-546. (From: Roentgendiagnostic De- 
partment, Lasarettet, Falun, Sweden.) 
The author reports the study of the arterial supply 


of the head of the femur by arteriographic methods 
in vivo. He demonstrates with excellent illustrations 


and anatomic studies the compixte blood supply of 


the head of the femur and its particular relationship 
to aseptic necrosis of the femoral head. The author 
confirms with this work and a review of the litera- 
ture that the capsular branches of the median cir- 
cumflex artery provide the most important sources 
of blood supply to the femoral head. The ligamentum 
teres artery which may be wholly absent or ob- 
literated plays a smaller part. 

In this study the procedure was to inject the 
femoral artery percutaneously at the level of the 
inguinal ligament with 15 to 20 ml. of diiodone 50 
per cent. Following this, 4 serial exposures were made 
in the next five to six seconds at a distance of 110 
cm. A total of 28 diseased hips was studied, with 
comparison of the contralateral side in 1g cases. This 
group of cases included 4 with necrosis of the femoral 
head, 2 with pseudoarthrosis, 4 with Perthes’ dis- 
ease, I with metastatic carcinoma, 14 with fractures, 
and 1 with plastic procedure. 

Emphasis is placed on the posterior collum branch 
of the medium circumflex artery and the inferior and 
superior synovial arteries in regard to their size and 
importance. It was found in the healthy hips that 
(1) contrast filling of the median and lateral circum- 


flex arteries was practically equal irrespective of 


their variations in origin and course, and (2) contrast 
filling of the posterior collum branch visualized its 
course to the intertrochanteric arch. In the diseased 
hips contrast filling of the vessels revealed several 
local vascular changes which were interpreted as 
pathologic in that they were never noted in the 
healthy hip. These were (1) dilatation, (2) decreased 
rate of flow and (3) arrested circulation, forming 3 
distinct types. 

Although the author feels that these changes are 
pathologic, the number of cases is not sufficient to 
determine the relationship between these arterio- 
graphic changes and healing of fracture or the devel- 
opment of necrosis of the femoral head.—Thomas D. 


Allison, M.D. 


Yentis, Irnvan. The so-called solitary plasmo- 
cytoma of bone. ¥. Fac. Radiologists, Oct., 
1956, 8, 132-144. (From: X-Ray Diagnostic 
Department, The Middlesex Hospital, Lon- 
don, W.1, England.) 


It has been suggested by some authors that a rare 


form of myeloma, the “‘solitary”” plasmocytoma of 


bone, exists as a separate entity. This tumor has 
been regarded as benign, free from the risk of recur- 
rence or dissemination and therefore curable by local 
surgery or roentgen therapy. The author examines 
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this view critically by reference to § illustrative ex- 
amples from cases of myelomatosis seen during the 
past twenty-five years. The criteria for selection as 
“solitary” plasmocytomata were: (1) Proof of diag- 
nosis by histologic review; (2) a minimum of two 
years during which the lesion remained “‘solitary,” 
(3) failure to show other lesions by serial roentgeno- 
logic examination of the skeleton; and (4) absence 
of Bence-Jones protein from the urine during the 
“solitary” phase. 

The § cases described by Yentis indicate that it is 
possible for solitary tumors to remain localized for 
many years but eventually, in 4 of the ¢ patients 
multiple lesions developed, only one, a sternal lesion 
being still a “solitary” lesion after ten years, nine 
months. In one case a second lesion appeared after 
ten years, In spite of upper thigh amputation, while 
a third lesion in this patient appeared after a further 
fourteen years, and death occurred twenty-six years 
after the finding of the initial “solitary”? femoral 
tumor. 

In follow-up observation one must consider roent- 
genvlogic, postmortem and time factors. It is well 
known that skeletal metastases from a primary car- 
cinoma may not be demonstrated by roentgenog- 
raphy, and the same is true of the osteolytic lesions 
of myelomatosis. Even though no evidence of 
metastases is found in gross specimens at autopsy, It 
is obviously impossible to make microscopic exami- 
nation of all tissues. It seems quite impossible from a 
time factor standpoint to say that such a tumor as a 
“solitary”” plasmocytoma may exist, view of 
fourteen years elapsing between the second and the 
third lesion in the case of Yentis above cited. Marrow 
biopsy may often refute the diagnosis of “solitary” 
myeloma of bone, several aspirations sometimes be 
ing required to prove the point. 

Roentgenologically these lesions are usually found 
in the upper femur, itlium and vertebrae. They are 
osteolytic, arising in the medulla and involving the 
cortex by their outward spread. Roentgen therapy 
often causes calcification within the lesion. Yentis 
describes 2 roentgenologic varieties. The trabeculated 
type resembles an osteoclastoma, the lesion being 
traversed by a coarse meshwork of trabeculae and 
free from bone sclerosis or periosteal new bone 
formation. The nontrabeculated type may closely 
resemble a metastatic tumor as one from the breast, 
in that it 1s destructive lesion and nontrabeculated. 

The author concludes that a plasmocytoma of 
bone is always part of a potentially malignant disease 
with unpredictable degrees of aggressive behavior. 
There are no clear-cut boundaries between the 
various forms of the disease, and the concept of a 
benign, unifocal, or “‘solitary’’ myeloma as a sepa- 
rate unrelated entity appears unjustified. — Samuel 


G. Henderson, M.D. 


V. Primary reticulum-cell sarcoma 
of bone. F. Fac. Radtologists, Oct., 1956, 3, 
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102-117. (From: Guy’s Hospital, London, 
England.) 


Primary reticulum-cell sarcoma of bone is a very 
radiosensitive malignant tumor which arises from the 
reticuloendothelial cells of the bone marrow in a 
single focus, and is capable of regional and distant 
metastases. It is most commonly found before the 
fourth decade. It has a predilection for the tubular 
bones of the lower extremity. Its clinical course is 
relatively long, with relative absence of the adverse 
systemic effects usually associated with an advanced 
malignant process. 

Coley, Higinbotham, and Groesbeck in 1950 gave 
as the criteria for diagnosis the following: (1) Clin- 
ically the primary focus is in a single bone; (2) un- 
equivocal histologic proof from the primary lesion 
and not from a metastasis; and (3) metastases present 
on admission only if regional or if the onset of symp- 
toms of the primary tumor preceded the appearance 
of metastases by at least six months. 

The author presents detailed clinical histories and 
roentgenographic illustrations of g cases of this dis- 
ease. The first symptom almost always is pain of a 
dull aching character at the site of the lesion, inter- 
mittent, worse at night, not relieved by rest, and 
becoming progressively worse. The onset is insidious, 
coupled with general well-being of the patient. 

Roentgen therapy produces almost dramatic sub- 
sidence of the tumor and reorganization of bone 
commonly occurs. The prognosis is much less gloomy 
than with other malignant bone tumors. 

Pathologically, the tumor appears as a gray or 
whitish friable mass with gritty consistency, involv- 
ing the medulla of the affected bone, penetrating and 
destroying the cortex and infiltrating the surround- 
ing soft tissues. The tumor is nonosteogenic, arising 
from reticular elements of the bone marrow. The 
appearance histologically may be simulated by 
anaplastic carcinoma, lymphosarcoma and Ewing’s 
tumor, but the diagnosis is based on the demonstra- 
tion by special staining of an excess of reticulin. 

Roentgenogically, the tumor is found most often 
in the long bones, especially those of the lower ex- 
tremity. The most common and constant change is a 
patchy destruction of the affected bone with an ill- 
defined boundary. In over $0 per cent of cases, there 
is a simultaneous development of patchy new bone 
formation within the involved area, giving rise to a 
mottled appearance. There is a tendency for the le- 
sion to develop in the metaphyseal regions, but as 
with other malignant tumors, the epiphyseal line is 
respected. Usually the primary growth spreads 
endosteally. Periosteal new bone formation is seldom 
prominent but when present it is of a lamellated type. 
Progress of the disease is slow, with marked bone 
destruction, remaining localized for a long time. 
Eventually regional lymphodes are involved and 
distant metastases may appear in the skeleton, skin 
and subcutaneous tissues. Most of the tumors are 
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very radiosensitive, the response beginning within 
one to three months. The affected bone shows vary- 
ing degrees of sclerosis or “scar” bone formation, or 
occasionally an appearance very close to that of 
normal bone results.—Samuel G. Henderson, M.D. 


RADIOISOTOPES 


Patmer, RicHarp E. (Alexandria, Va.), and 
Harrison H. (Washington, D. C.) 
The correlation between the uptake of I'!, 
protein-bound iodine and cholesterol levels in 
normal and abnormal thyroid states. South. 
M. F., Dec., 1956, 49, 1412-1420. 


Serum cholesterol values (method of Bloor), pro- 
tein-bound-iodine (PBI) determinations (chloric acid 
digestion technique), and twenty four hour per- 
centage ['*! uptake studies were compared in clin- 
ically normal and abnormal thyroid states. 

In 115 euthyroid individuals, normal values by 
I'S! uptake study and PBI determination confirmed 
the clinical impression in a very high percentage of 
instances. A combination of the 2 procedures proved 
even more accurate. Cholesterol studies were ab- 
normal in such a high percentage of cases (25 per 
cent), that this procedure appeared of little value. 
I'! and PBI studies were about equally valuable in 
hyperthyroidism and hypothyroidism, and again 
cholesterol levels were found unreliable. 

I'8! proved the best laboratory aid in thyroiditis. 
In each of 3 cases, percentage uptake I'*! was mark- 
edly diminished, and tn 2 cases in which a differential 
count of the involved and uninvolved lobes was done, 
a striking decrease in activity of the diseased lobe 
was noted. I'*' and PBI were of about equal value 
in diffuse goiter (8 cases) and PBI appeared to be a 
slightly better laboratory aid in nodular goiter (10 
cases). 

Twenty three cases referred because of obesity or 
weight gain and clinically euthyroid showed no evi- 
dence of hypothyroidism by I'*' or PBI studies. Of 12 
patients with weight loss thought to be euthyroid, 
PBI and I"! determinations fell in the range of nor- 
mal in most instances. Of 13 cases presenting with 
menstrual irregularities, most fell in the normal 
range by both PBI and I'*' studies and only one 
showed an abnormality (minimal decrease) in both 


studies.— fohn T. McLelland, M.D. 


Apams, D. D., and Purves, H. D. The change 
in thyroid I"! content between 8 and 48 hours 
as an index of thyroid activity. ¥. C/in. 
Endocrinol. & Metabol., \an., 1957, 77, 126- 
132. (From: The Endocrinology Research 
Department of the New Zealand Medical 
Research Council, Medical School, Dunedin, 
New Zealand.) 


Kight hour, 24 hour, and 48 hour thyroid uptake 
of I! and 48 hour urine ['*' measurements were per- 
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formed on 31 patients with hyperthyroidism and 35 
euthyroid patients. 

It is found that the spread between the & hour 
values in hyperthyroid and euthyroid patients is 
greater than at 24 hours. Also that the 8~48 per- 
centage I! thyroid uptake change rate is superior to 
the 8 hour measurement in separating hyperthyroid 
patients from euthyroid patients, there being over- 
lapping of 3 hyperthyroids in the former as compared 
to 6 in the latter. The 48 hour urinary I'*! is recom- 
mended to detect extrathyroidal sites of I'*! accum- 
ulation. 

It is therefore suggested that the 8 hour thyroid 
uptake is superior to the 24 hour uptake, the 8—48 
hour study is superior to the 8 hour uptake alone, 
and the 8 hour uptake, 48 hour uptake and 48 hour 
urine measurements should be routine in thyroid 
function studies.—George Roberts, M.D. 


Leo, KOHLENBRENER, Roperr M., 
Firetps, THEopoRE, and  KuNSTADTER, 
Ravpeu H., with the technical assistance of 
Dotores R. Thyroid function 
studies in children: Normal values for thy- 
roidal ['*' uptake and PBI"! levels up to the 
age of 18. F. Clin. Endocrinol. S Metabol., 
Jan., 1957, 77, 61-75. (From: The Radio- 
isotope Laboratory, Department of Meta- 
bolic and Endocrine Research, and the De- 
partment of Pediatrics, Michael Reese Hos- 
pital, Chicago, III.) 

Thyroid I"! uptake and serum PBI" studies were 
performed in 73 children between the ages of two 
and one-half months and eighteen years; 61 of these 
children were clinically deemed to be normal regard- 
ing thyroid function and 12 were abnormal. Methods 
for administration and measurement are described. 
Similar studies on 64 euthyroid adults are included 
for comparison. 

Thyroid I'*' uptakes tn children are in the same 
range as are those of adults. 

Serum PBI'*! values were significantly elevated in 
the one to four year age group, and the mean was 
higher than normal from five to nine years of age. 
This suggests a state of thyroid “hyperactivity” 
through the age of four years and possibly up to the 
age of age nine years.—George Roberts, M.D. 


Beiter, D. D., and Love, W. H. Thyroid tunc- 
tion in Legg-Perthes disease. 7. Bone Foint 
Surg., Dec., 1956, 38-4, 1320-1322. (From: 
Departments of Radiology and Orthopaedic 
Surgery, George F. Geisinger Memorial 
Hospital and Foss Clinic, Danville, Pa.) 

Thyroid function in 10 cases of unilateral Legg 
Perthes disease was studied by means of clinical 
examination, chemical serum protein-bound-iodine 
determination, twenty four hour I'*! uptake, salivary 
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I's! concentration (in 7 of the 10 patients) and sur 

face mapping of I'*! uptake. 

The study group was composed of 4 females and 
6 males. Duration of the disease varied between 
six weeks and twenty-two months, and age between 
four and fourteen years. Five patients were con- 
sidered in. the regenerative phase of the disease 
process and § 1n the degenerative phase. 

All 10 patients fell in the normal thyroid activity 
group by clinical examination and twenty-four hour 
I's! uptake studies. All 7 patients tested had normal 
I's! salivary excretion. 

Three of the 10 patients showed slightly increased 
protein-bound-iodine levels, which on repetition five 
months later without intervening drug therapy fell 
within the normal range. Surface scanning showed 
asymmetric activity in the gland in one of these pa- 
tients and in a second patient who was normal by 
all other methods of examination. 

The results in this study give no indication of a 
relationship between Legg-Perthes disease and an 
abnormal thyroid state.—fohn T.  MCLelland, 
ALD. 


Paine, Roperr. (St. Louis, Mo.) Results of 
treatment with radioactive todine heart 
disease. South. M. ‘F., Dec., 1956, 49, 1451 
1455. 


Korty-one cardiac patients were given radioactive 
iodine as palliative therapy, and results were eval 
uated in terms of improvement in symptoms of 
angina pectoris and congestive heart failure. Thirty- 
two of the patients had angina pectoris. Seventeen 
had congestive heart failure. The majority of pa- 
tients were given 2¢§ millicuries I'"! as a single dose or 
(and preferably) 3 doses of 10 millicuries I! spaced 
at one week intervals. 

A significant reduction of symptoms. following 
therapy occurred in 27 of the 32 patients in the 
angina pectoris group and 8 of the 17 patients in the 
congestive failure group. Improvement generally 
became noticeable between one and six months 
following therapy. Nitroglycerin rquirements were 
appreciably reduced in the angina pectoris group, 
but clinical improvement in the congestive failure 
group was not followed by a decreased need tor 
digitalis, diuretics, or salt restriction. 

Improvement was not related to inital basal meta 
bolic rate or protein-bound-iodine levels, nor to the 
primary etiology of the heart disease. There was, 
however, a close correlation between the response to 
therapy and the effect of therapy in reducing the 
basal metabolic rate. A drop in protein-bound-iodine 
level, rather than the initial protein-bound-todine 
level, also was correlated with improvement in the 
few patients evaluated by this test. 

Twelve patients showed varying degrees of symp 
toms related to hypothyroidism and this was con 


trolled as appeared necessary by small doses of 
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thyroid extract. In 2 patients showing progressive 
cardiac decompensation, therapy possibly accele- 
rated the downhill course. 

The author concludes that radioactive iodine is 
an effective palliative agent in the treatment of heart 
failure and angina pectoris and most effective in 
patients whose disease is stable and not rapidly 
progressive.— T. McLelland, M.D. 


IreTON, RicHARD J., and Joun C. 
The management of ascites with radioactive 
gold. Surg., Gynec., Obst., Oct., 1956, 70, 
437-442. (From: The Department of Surgery 
and the Department of Obstetrics and Gyne- 
cology, The Ohio State University College 
of Medicine, Columbus, Ohio.) 


Thirty-five patients who received 38 treatments 
with radioactive gold were evaluated from the stand- 
point of control of ascites and pain. Apparently all 
received intraperitoneal instillations of radioactive 
gold. The patients were classified as to tumor type 
and also as to whether or not they had surgery or 
radiation therapy prior to, or following, gold therapy. 

Results are tabulated in 3 groups of patients: com- 
plete remission of ascites, temporary remission, and 
no remission. In the first group consisting of g pa- 
tients, § are alive for from two and one-half months 
to seventeen months with pain relief in the 4 pa- 
tients who had pain. In the second group, a remission 
of at least six weeks was produced with relief of pain 
in 4 of the 6 who had pain. In the group without 
remission of ascites, there was relief of pain in 4 of 
13 who had pain prior to therapy. Nine of 19 patients 
in group 3 were dead in less than six weeks, sug- 
gesting that the poor results in this group were due 
to the terminal condition of these patients. 

Thus, one-fourth of patients had complete remis- 
sion of ascites, one-half had temporary remission of 
ascites, and one-half had some pain relief. Prophy- 
lactic administration of radioactive gold is_ rec- 
ommended by the authors.—George Roberts, M.D. 


Orr, Louis M., THomiey, Mires W., and 
Campsett, James L. Distribution and con- 
centration of radioactive Au 1g8 in inoper- 
able prostatic cancer: Report of necropsy 
study. ‘F%. Urol., Dec., 1956, 76, 769-775. 
(Address: L. M. Orr, 1300 Kuhl Ave., Or- 
lando, Fla.) 


In this article the authors discuss the problem of 


the distribution and retention of radioactive gold 
following its injection into the prostate in the treat- 
ment of carcinoma. This information was obtained 
from studies of a patient who came to autopsy three 
weeks after the treatment of prostatic carcinoma 
with radioactive gold. On the basis of radioassays 
of the entire prostatic gland, there is evidence that 
a marked variation in the radioactivity of different 
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parts of the injected tissue had occurred. In some 
areas of the gland there was six times as much radio- 
activity as in an area adjacent to it. This unequal 
distribution of radioactivity is partly corrected by 
cross-firing by gamma rays of radioactive gold, but 
certain parts of the tumor would receive no appreci- 
able radiation from the beta particles. The latter 
irradiation effect would be localized in small foci 
throughout the prostate gland. While this might 
produce marked regression in the size of the gland, 
certain of the malignant cells would continue to re- 
main viable. This was found to be the case when the 
tissues were examined microscopically. 

The radioassay of other organs, three weeks after 
the treatment of the prostate with gold 198, showed 
that the greater portion of the injected material was 
present in the liver, spleen and bone marrow. The 
authors believe that in order to produce the desired 
level of radioactivity in the prostate gland, it will be 
necessary to use a more concentrated solution of 
radioactive gold. 

In conclusion, the authors note that from the 
clinical standpoint the majority of the patients 
treated with radiogold injection of the prostate have 
shown improvement with marked regression of their 
primary lesion. Such favorable results have stimu- 
lated them to proceed further in an effort to find a 
better isotope and better methods of delivery of the 
isotope to the prostate gland.—George W.. Chamberlin 
M.D. 


Berry, N. E., and Burr, R. C. Intracavity ir- 
radiation of carcinoma of the bladder. Canad. 
M. A. F., July 15, 1956, 75, 93-97. (From: 
Queen’s University and the Ontario Cancer 
Foundation, Kingston Clinic, Kingston, On- 
tarlo.) 


The authors describe their technique for the intra- 
cavitary treatment of carcinoma of the bladder. They 
utilize a 25 me pellet of radioactive cobalt measuring 
6 mm. in length and 1 mm. in thickness placed in the 
tube of a Foley catheter, the bag of which is inflated 
with methylene blue, sodium iodide, and sterile 
water. Control of the position of the catheter 1s ob- 
tained roentgenographically and cystostomy is 
avoided. A dose of 4,000 r is given at each of 2 sit- 
tings, spaced four days apart with each sitting re- 
quiring two and one half days. This technique is 
used for all tumors other than those in the dome of 
the bladder where distortion due to the catheter tip 
might lead to inadequate dosage. 

The method has been employed in cases where 
there have been numerous recurrences or where 
there have been so many lesions that it was imprac- 
tical to resect them all and where they were not 
deeply infiltrating. Patients have had considerable 
reaction from this treatment with burning and fre- 
quency but these symptoms subside in two to three 
weeks. These lesions should be near the trigone or 
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side walls to receive adequate irradiation. Supra- 
pubic cystotomy is performed only when the tumor 
is to be resected. Resection is, of course, the treat- 
ment of choice for single superficial lesions. In the far 
advanced infiltrating lesions, all available methods 
may have to be combined including supervoltage 
rotational or multiport therapy.—drch H. Hall, 
M.D. 


YIANNAKOPOULOS, AposToULos, and SCHEER, 
Kurt Ernest. Der Einfluss von Protraheir- 
ung und Fraktionierung auf das Hautery- 
them bei Bestrahlung mit Sr®°. (The influence 
on skin erythema of protraction and frac- 
tionation of radiation with Sr®’.) Strah/enther- 
apie, May, 1956, soo, 165-168. (From: 
Czerny-Krankenhaus fiir Strahlenbehand- 
lung der Universitat, Heidelberg, Germany.) 


The skin of the upper thigh and mid-abdomen of 
§ persons was irradiated with doses from 500 to 
5,000 rep from two Sr* applicators. One applicator 
had an intensity of 4,400 rep per minute, the other 
180 rep per minute. The protraction attained with 
the lower intensity source uniformly yielded less 
erythema than the same physical dose given with the 
high intensity plaque. Fractionation of the dose, as 
well as protraction, caused less intense erythema. 


Henry G. Moehring, M.D. 
MISCELLANEOUS 


Levitt, W. M., and Oram, Samuet. Irradi- 
ation-induced malignant hypertension: Cured 
by nephrectomy. Brit. M. F., Oct., 1956, 2, 
gio-g12. (Address: W. M. Levitt, Depart- 
ment of Radiotherapy, St. Bartholomew’s 


Hospital, London, England.) 


A man aged thirty-three had left orchiectomy for 
seminoma in 1941. A large mass developed in the 
upper abdomen, apparently mainly on the left, but ex- 
tending well over the midline. The patient was given 
deep roentgen therapy in May and June, 1943. The 
left kidney region received just under 3,000 r, the 
right somewhat less, the field sizes and elapsed time 
not specified. Seven years after treatment his blood 
pressure was 150/90; two years later, 160/90; and 
one year later, 165/95. He then developed headaches 
which became progressively worse, causing him to 
seek medical advice one year after onset, eleven 
years after radiation therapy. His blood pressure 
was then 215/130, and he had retinal changes of 
Grade m1-1v. The hypertension did not respond to 
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medical management. The left kidney showed de- 
layed dye excretion and decreased urine urea con- 
centration, while the right was normal. 

Left nephrectomy was performed, revealing gen- 
eral fibrosis of the perirenal stroma. The kidney 
showed arteriosclerotic changes, even though phys- 
ical examination of the patient failed to reveal evi- 
dence of arteriosclerosis in the nonirradiated vascular 
system. In the first year after operation, the blood 
pressure gradually returned toward normal, and the 
fundi became completely normal. After two years, 
the patient was maintained free of symptoms on 
reserpine 0.25 mg. three times a day, with a blood 
pressure of 1§2/92. 

This case history is reported because of the late 
manifestation of radiation damage, and the relief 
from the resultant malignant hypertension 


nephrectomy.—R. Kenneth Loeffler, M.D. 


J. T., and Mitver, J. E. Clinical 
experience with image intensification. Radto/- 
ogy, Dec., 1956, 07, 877-331. (Address: J. 
Mallams, Southwestern Medical School, 
University of Texas, Dallas, Texas.) 


by 


The development of image intensification is briefly 
reviewed, and its usefulness in overcoming some of 
the shortcomings of conventional fluoroscopy is 
stressed. The unsatisfactory results of fluoroscopic 
observation are due to a deficiency of the human eye 
in observing low levels of brightness. Image inten- 
sification permits a greatly increased brightness of 
the fluoroscopic image without increased exposure 
of the patient. The chief advantage of the image 
intensifier is the fact that long periods of dark 
adaptation are no longer required. In addition, the 
increased brightness frequently permits acquisition 
of the desired information in a relatively short time 
so that less time is consumed in fluoroscopy with the 
image intensifier than in the conventional examina- 
tion. Disadvantages of the procedure in its present 
stage of development are the high cost of the equip- 
ment and the small field size. 

Image intensification has proved most useful in 
studies of the upper and lower gastrointestinal tract, 
myelography, and cardiac catheterization. Special 
applications in connection with other procedures, 
such as foreign body removal, uterosalpingography, 
venography, bronchography, and therapy localiza- 
tions, are mentioned. It is the most important step 
in the development of cineradiography and will prob- 
ably be the medium through which cineradiography 
will become available to the average physician. 


Harold C. Hamilton, M.D. 
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digestive tract, clinical considerations on treat- 
ment of, with radioactive isotopes (ab), 573 

early bladder, use of tantalum 182 in treatment 
of (ab), 944 

endometrial, study of 531 cases of (ab), 188 

metastatic thyroid; acute myeloid leukemia fol- 
lowing prolonged iodine-131 therapy for 
(ab), 380 

of bladder, comparison of conventional and 
supervoltage radiation in; symposium (ab), 
$72 

of bladder, intracavity irradiation of (ab), 1107 

of breast, inoperable, treatment of, with conven- 
tional 250-kv. irradiation as compared with 
2-mv. irradiation; symposium super- 
voltage versus conventional radiation (ab), 
571 

of cervix, dose distribution and results in, 803 

of cervix, invasive, irradiation and surgery in 
management of (ab), 188 

of esophagus, 818 

of lung, 826 

of maxillary antrum, role of radioactive iso- 
topes in, 415 

of mouth and carcinoma of testis; superior value 
of supervoltage irradiation in special situa- 
tions; symposium on supervoltage versus 
conventional radiation (ab), §70 

of uterine cervix, positioning of pelvic portals 
of external irradiation in (ab), 378 


Carpiac aneurysm and myocardial infarction, new 
sign in diagnosis of; respiratory phenome- 


heart (ab), 182 
functional status, protein-bound-iodine plasma 
value, and blood nonprotein nitrogen, cor- 
relation of iodine 131 clearance rate factors 
with, 847 
physiology revealed by roentgen ray; applica- 
tions of electrokymography, biplane angio- 
cardiography and cinefluorography, 195 
veins and large venous trunks, venous communi- 
cations between, in superior part of medi- 
astinum (ab), 1097 
ventriculography; direct transthoracic needle 
puncture opacification of left (or right) 
ventricle, 207 
CASSETTE-CHANGING device, angiographic, 334 
Cararact and survival studies of Swiss mice; rela- 
tive biological effectiveness of fast-neutron 
and x-radiation (ab), 945 
Cararacts, radiation, and relationship to dose, 
clinical study of, 759 
CEPHALOPELVIMETRY, Correlation of, to obstetrical 
outcome with special reference to radiologic 
disproportion (ab), 1099 


basilar, cerebellar, and vertebral arteries 
during (ab), 941 
experience with new contrast medium (hypaque) 
for (ab), 757 
hypaque in; clinical assessment of its merits in 
relation to sodium acetrizoate (diaginol) 
and diodone (ab), 756 
CERVICAL DISK calcification in childhood (ab), 566 
CERVIX, anatomy of female pelvis in relation to 
cancer of, 796 
approximation technique in treatment of cancer 
of, with irradiation, 388 
clearance of radioactive sodium from, in women 
with normal menstrual cycles, primary 
dysmenorrhea, and nonorganic pelvic pain, 
and in postmenopausal individuals (ab), §73 
dose distribution and results in carcinoma of, 
803 
irradiation and surgery in management of in- 
vasive carcinoma of (ab), 188 
prognostic value of end-of-treatment biopsies in 
treatment of cancer of, 448 
results of re-irradiation in cancer of (ab), 378 
uterine, positioning of pelvic portals for external 
irradiation in carcinoma of (ab), 378 
Cuemopectoma of aortic body (ab), 183 
Cuesr teleroentgenograms, esophageal-pleural stripe 
on (ab), 937 
trauma, unusual pulmonary changes secondary 
to, 1059 
CHOLANGIOGRAM, intravenous, interpretation of (ab), 
939 
CHOLANGIOGRAPHY by 


biligrafin method with or 
without preceding oral cholecystography; 
attempt to assess reliability of biligrafin 
method (ab), 10g8 
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CEREBRAL ANGIOGRAPHY, carotid, visualization of 
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excretory (ab), 562 
intravenous, in presence of jaundice (ab), 184 
intravenous; pitfalls in interpretation (ab), 10g 
CHOLECYSTANGIOGRAPHY using biligrafin forte (ab), 
940 
CHOLEcysToGastric fistula (ab), 184 
CHOLECYSTOGRAPHIC media, oral, evaluation of two 
recently introduced, 61 
CHOLECYsTOGRAPHY, oral, cholangiography by. bili- 
gratin method with or without preceding; 
attempt to assess reliability of biligratin 
method (ab), 109% 
phototimed erect compression spot films in, 55 
CHOLEGRAPHY, relative merits of oral and intra- 
venous methods of (ab), 939 
CHONDROBLASTOMA, benign (ab), 371 
CHoROID PLEXUS of lateral ventricle, incidence and 
roentgenographic significance of calcifica- 
tion in (ab), 936 
ARTHUR CARLISLE, I87g-1956, obituary, 
$4.3 
portrait, $43 
CINEFLUOROGRAPHY, electrokymography and_ bi- 
plane angiocardiography, applications of; 
cardiac physiology revealed by roentgen 
ray, 195 
CINE RECORDINGS, simultaneous, hysterosalpingo- 
fluoroscopy with (ab), 186 
CLEIDOCRANIAL DysosvTosts, ossification of skull in 
(ab), 936 
CoarcratTion, aneurysm of sinus of Valsalva as 
sociated with (ab), $61 
Cospatr 60 beam therapy; three years experience at 
Montefiore Hospital (ab), 376 
teletherapy, course In, g2g 
therapy of lip cancer; with block dissection 
lymph nodes, 815 
Coton, high kilovoltage method of investigation of, 
as routine roentgenological procedure, go 
infarction of, demonstrated by barium enema 
(ab), 754 
lymphangioma of; roentgen aspects (ab), 109% 
negative x-ray report in cancer of (ab), 183 
polyps of: how to find them; barium enema, 
double contrast, fluoroscopic image am- 
plification, or what? 700 
ConTRAST MEDIUM in angiocardiography, temporary 
arrest of (ab), 373 
new, (hypaque), experience with, for cerebral 
angiography (ab), 757 
precipitation of, in gallbladder (ab), 184 
CoRONARY ARTERIES, roentgenographic visualization 
of, 274 
Coronoipd processes, mandibular block by osteo- 
chondroma of (ab), 751 
CorTICAL BONE DAMAGE and bone growth, effect of 
roentgen-ray quality on, 893 
CostToOPpHRENIC SINUS SIGN; roentgenographic detec- 
tion of minimal pneumothorax in lateral 
decubitus position, 1066 
Cysts, mediastinal carinal bronchogenic (ab), 560 
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paraphyseal or colloid, of third ventricle (ab), 
559 


DextrrRoOposITION of descending thoracic aorta (ab), 
DIGESTIVE TRACT Carcinoma, clinical considerations 
on treatment of, with radioactive isotopes 
(ab), §73 
DILATATION, regulative and myogenic, of heart (ab), 
938 
DivERTICULOSIS and diverticulitis: roentgen findings 
and their interpretation, 726 
Diverticutum, Meckel’s, 644 
DosaGe, age and survival, influence of, on effects of 
multiple intravenous injections of radio- 
active gold colloids in dogs, 576 
fractionated, effects of conventional and high- 
energy x-rays and electrons in, on rats (ab), 
946 
Dose, clinical study of radiation cataracts and re- 
lationship to, 759 
distribution and results in carcinoma of cervix; 
comparison of conventional high voltage 
therapy including vaginal cone therapy 
with supervoltage therapy, 803 
distribution of fast electrons, plexiglass as phan- 
tom material for measurement of (ab), 194 
integral, simplified method of estimating, in 
radiotherapeutic practice (ab), 379 
permissible, problems with special reference to 
diagnostic procedures, 138 
rate, influence of treatment cones on, 873 
specification and radiation distribution in vol- 
ume implants of radioactive seeds, 863 
Doses, whole-body radiation, estimation of, in ac- 
cidental fission bursts, 144 
Dosimetry in contact roentgen therapy (ab), 193 
of multiple radiation fields by superposition of 
photographic films, 869 
radiation, in biological research (ab), 193 
DousLe conrrast, barium enema, fluoroscopic 
image amplification, or what?; polyps of 
colon: how to find them, 700 
Dvopenat bulb and stomach, gallstones impacted 
in, demonstrated by roentgenologic ex- 
amination, 40 
involvement in regional enteritis, 639 
DvopENUM, arteriomesenteric obstruction of, in 
adult life and adolescence (ab), 184 
intermittent arteriomesenteric occlusion of (ab), 
935 
Dysosrosis, cleidocranial, ossification of skull in 
(ab), 936 
Dyspiasia, fibrous, of skull and facial bones, roent- 
gen features of, 71 
progressive diaphyseal (Engelmann’s disease) 
(ab), 369 


ConreERENCE OF RaproLocists to be held 
in New York City, 360 
EDITORIALS 
Roentgenologic manifestations of emotional 
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disturbances in the stomach, 162 
Radiation protection in angiography, 358 
The Thirty-ninth Annual Meeting of the Ameri- 
can Radium Society, 541 
Arthur Carlisle Christie, 1879-1956, 543 
William Albert Evans, 1907-1956, 546 
The gastrointestinal radiologist, 745 
The philosophy underlying radiation protection, 
gl4 
George EF. Pfahler, 1874-1957, 920 
Charles Luther Hinkel, 1910-1956, 923 
Clinical radiology and studies of pulmonary 
function, 1085 
Theodore West, 1885-1957, 1088 
Errustons due to malignancy, radioyttrium 
for palliative treatment of (ab), 191 
EISENMENGER COMPLEX, roentgenologic aspects of, 
248 
ELEcTROKYMOGRAPHY, biplane angiocardiography 
and cinefluorography, applications of; 
cardiac physiology revealed by roentgen 
ray, 195 
ELECTRON BEAM, 6 mev., and 180 kv. roentgen rays, 
action of, on testicular tissue of rat (ab), 
§72 
ELECTRONS and roentgen-rays, conventional and 
high-energy, effects of, in fractionated 
dosage on rats (ab), 946 
air, following retroperitoneal pneu- 
mography; nationwide survey (ab), 1099 
pulmonary oil; complication of hysterosal- 
pingography, 1055 
EMOTIONAL DISTURBANCES in stomach, roentgeno- 
logic manifestations of (E), 162 
KN BLOc in continuity resection of internal mam- 
mary lymph node chain, radical mastec- 
tomy with, 431 
ENDOMETRIAL Carcinoma, study of 531 cases of (ab), 
188 
ENGELMANN’S DISEASE (progressive diaphyseal dys- 
plasia) (ab), 369 
EpiGastric tumors, intraserosal and extraserosal 
parietography applied to study of (ab), 562 
EryrHeMa, the influence on skin, of protraction and 
fractionation of radiation with Sr* (ab), 
1108 
EsopHAGEAL-pleural stripe on chest teleroentgeno- 
grams (ab), 937 
segment, distal, anatomy and motility of; 
studies in children with image amplifier 
(ab), 752 
varices, roentgenologic diagnosis of, $99 
EKsopHAGOGRAM, recumbent, in early detection of left 
atrial enlargement, evaluation of (ab), 182 
EsopHaGus, carcinoma of, 818 
invagination of, in hiatus hernia (ab), 753 
EurHyROID persons and patients with exophthalmic 
goiter, studies of inhibitory effect of 1-tri- 
iodothyronine on thyroidal I"! uptake in 
(ab), 943 
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Evans, WILLIAM ALBERT, 1907-1956, obituary, 546 
portrait, 546 
EXFOLIATIVE CYTOLOGY as aid in differential diag- 
nosis of gastric lesions discovered roent- 
genologically, g 
ExTRAHEPATIC obstruction, portal hypertension due 
to (ab), 942 


Fast-NEUTRON and x-radiation, relative biological 
effectiveness of; survival and cataract 
studies of Swiss mice (ab), 945 

FEMORAL neck, arterial supply to the head of the 
femur; anartiographic study im vivo of le- 
sions attending fracture of the (ab), 1103 

FEMUR, arterial supply to the head of the; an arterio- 
graphic study im vivo of lesions attending 
fracture of the femoral neck (ab), 1103 

FETAL circulatory system, roentgen demonstration 
of gas in, valuable sign of fetal death (ab), 
569 

length in utero, roentgenologic determination 

of (ab), 940 

FIBROMA OF BONE, nonosteogenic, relations of corti- 
cal metaphyseal lacunary lesions of long 
bones in child and adolescent with; based 
on 32 observations (ab), 566 

Fisrous dysplasia of skull and facial bones, roent- 
gen features of, 71 

swelling, familial, of jaws (ab), 936 

Fission BURST, accidental, estimation of whole-body 
radiation doses in, 144 

FLuoroscope, electronic position timer for (ab), 376 

FLUOROsCOPIC IMAGE amplification, barium enema, 
double contrast, or what?; polyps of colon: 
how to find them, 700 

Fo.ic acip antagonist therapy, scurvy following 
(ab), 568 

FRACTURE of promontory of calcaneous (ab), 567 

Fractures, formation and evolution of bone callus 
in repair of (ab), 372 


Ga™ (radioactive gallium), studies of localization of, 
in bone lesions (ab), 191 

GALLBLADDER, precipitation of contrast medium in 
(ab), 184 

relationship of stenosis to Rokitansky Aschott 

sinuses of, 47 

GALLSTONE ILEUS, 684 

GALLSTONES impacted in stomach and duodenal bulb 
demonstrated by roentgenologic examina- 
tion, 40 

Gamma Rays, biological effects of fast neutrons, 524 

neutrons, and x-rays, relative biological ettec- 

tiveness of, for production of lens opacities 
(ab), 945 

Gas in fetal circulatory system, roentgen demonstra- 
tion of, valuable sign of fetal death (ab), 
569 

Gastric lesions discovered roentgenologically, ex- 

foliative cytology as aid in differential diag- 

nosis of, g 
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ulcer in older age group, 24 
ulcers, multiple chronic; report of case with four 
simultaneous ulcers, 623 
GASTROESOPHAGEAL REFLUX, statistical study of 
hiatus hernia and (ab), 561 
GASTROINTESTINAL and respiratory tracts, aeration 
of, during first minute of neonatal life (ab) 
$69 
radiologist (FE), 745 
tract, malignant lymphoma of; roentgeno- 
graphic considerations (ab), 1097 
GIARDIA LAMBLIA infestation, intestinal changes in, 
670 
Gorrer, exophthalmic, studies of inhibitory ettect of 
1-triiodothyronine on thyroidal uptake 
in euthryoid persons and patients with (ab), 
943 
Gorrers, intrathoracic, radiologic studies of, by 
means of transverse axial stratigraphy 
(ab), 182 
GRANULOMA, eosinophilic, of skull, button seques- 
trum of (ab), 936 
of neck following thorotrast angiography (ab), 
375 


Hamarromas and tuberculomas of lung, 1013 
Heap and neck cancers, advanced primary, planned 
combination of surgery and radiation in 
treatment of, 397 
Heart, annular sclerosis of valve level of, and cal- 
cification of valves of heart (ab), 938 
calcified polyp of (ab), 752 
disease, results of treatment with radioactive 
iodine in (ab), 1106 
rate and blood pressure during angiocardiog- 
raphy, abdominal aortography ar- 
teriography of lower extremities (ab), 373 
regulative and myogenic dilatation of (ab), 938 
Hemancioma of liver diagnosed by splenopor 
tography, 332 
of stomach with roentgenologic diagnostic point, 
3 
HEMANGIOPERICYTOMA; report of case with special 
reference to roentgen therapy, 347 
HEMATOLOGICAL PRACTICE, routine, radioactive tron 
studies in (ab), 381 
Hemicraniosis of Brissaud-Lereboullet (ab), 181 
Hemip.ecia of early onset, bone changes in (ab), 
755 
Hemopynamics, relationship of roentgenographic 
findings to, in mitral stenosis (ab), 10g7 
HEPATOLIENOGRAPHIC AGENT, new: tin oxide, 64 
Hiarus hernia and gastroesophageal reflux, statisti- 
cal study of (ab), 561 
invagination of esophagus in (ab), 753 
Hickey Memoria Lecrure, 1957, 929 
HIGH KILOVOLTAGE METHOD of investigation of colon 
as routine roentgenological procedure, 6g0 
Hinket, CHARLES LuTHER, 1g10-19§6, obituary, 
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portrait, 923 
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Hip jornt, studies of, by means of lateral acetabular 
roentgenograms (ab), 1102 
and tuberculosis, calcified intra- 
thoracic lesions caused by, 1034 
HorMONE THERAPY, and radiation combined, man- 
agement of advanced breast carcinoma 
with special reference to, 438 
HumaAN ovum, dead and retained, hysterography in 
diagnosis of (ab), 187 
Humerus in rat, fractured, uptake of radiosulfur in 
(ab), 191 
HypaQvue in cerebral angiography; clinical assess- 
ment of its merits in relation to sodium 
acetrizoate (diaginol) and diodone (ab),756 
(new contrast medium), experience with, for 
cerebral angiography (ab), 757 
ninety per cent, for rapid intravenous roent- 
genography (ab), 368 
HypERCHOLESTEREMIC XANTHOMATA of tendons, 109 
HyreRTENSION, irradiation-induced malignant; cured 
by nephrectomy (ab), 1108 
HypeERTHYROIDISM, immediate and continuous up- 
take studies of I'*' in diagnosis and treat- 
ment of (ab), 573 
new procedure for determining mass of thyroid 
gland for radioiodine treatment of; pneumo- 
thyroid (ab), 379 
HysreEROGRAPHY in diagnosis of dead and retained 
human ovum (ab), 187 
HysTEROSALPINGOFLUOROSCOPy with simultaneous 
cine recordings (ab), 186 
HysTEROSALPINGOGRAPHY, complication of; pul- 
monary oil embolism, 1055 


I'*!, correlation between the uptake of, protein-bound 
iodine and cholesterol levels in normal and 
abnormal thyroid states (ab), 1105 

immediate and continuous uptake studies of, in 
diagnosis and treatment of hyperthyroidism 
(ab), $73 

uptake, thyroidal, studies of inhibitory effect of 
1-triiodothyronine on, in euthyroid persons 
and patients with exophthalmic goiter 
(ab), 943 

uptake and PBI"! levels up to the age of 18. 
Thyroid function studies in children: Nor- 
mal values for (ab), 1106 

ILIOSACRAL JOINT, accessory, and its roentgen ap- 
pearance (ab), 941 

IMAGE AMPLIFIER, studies in children with; anatomy 
and motility of distal esophageal segment 
(ab), 752 

intensification, clinical experience with (ab), 
1108 

INFANTS In incubator, roentgenographic examination 
of; new device insuring environmental con- 
stancy (ab), 758 

interchanged, use of roentgen rays to establish 
identity of (ab), 569 

INFARCTION of colon, demonstrated by barium enema 

(ab), 754 
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InrER-AMERICAN ConGress oF Rapio.ocy, Fifth 
(ab), 193 
INTERNAL EMITTERS, relative biological effectiveness 
of (ab), 944 
INTERNATIONAL MEETINGS, or- 
ganization of, 929 
INTERSEXUALITY, Morgagni’s syndrome and its rela- 
tionship to (ab), 369 
INTERSTITIAL implantation of radioactive materials, 
study of methods for; filaments containing 
852 
INTESTINAL changes in Giardia lamblia infestation, 
670 
INTESTINE, mesenteric small, mucosal pattern of — 
anatomic study, 651 
INTRA-ABDOMINAL egg-shell calcifications due to 
silicosis (ab), 754 
INTRADENTAL RESORPTION, progressive, in perma- 
nent teeth, roentgenologic differential diag- 
nosis of (ab), 751 
INTRARENAL arteries, anatomy of, in health and dis- 
ease (ab), 1100 
INVAGINATION of esophagus in hiatus hernia (ab), 
753 
lopINE 131 clearance rate factors, correlation of, 
with cardiac functional status, protein- 
bound-iodine plasma values, and_ blood 
nonprotein nitrogen, 847 
therapy, prolonged, for metastatic thyroid car- 
cinoma, acute myeloid leukemia following 
(ab), 380 
IRRADIATION and surgery in management of invasive 
carcinoma of cervix (ab), 188 
approximation technique in treatment of can- 
cer of cervix with, 388 
conventional 250-kv., treatment of inoperable 
carcinoma of breast with, as compared with 
2-mv. irradiation; symposium on super- 
voltage versus conventional radiation (ab), 
571 
external, positioning of pelvic portals for, in car- 
cinoma of uterine cervix (ab), 378 
-induced malignant hypertension; cured by 
nephrectomy (ab), 1108 
of carcinoma of the bladder, intracavity (ab), 
1107 
role of, in treatment of primary malignant 
lymphoma of stomach (ab), 943 
single total body, mortality of rhesus monkeys 
after, 899 
supervoltage, superior value of, in special situa- 
tions; carcinoma of mouth and carcinoma 
of testis; symposium on supervoltage versus 
conventional radiation (ab), 570 
with roentgen rays, preservation of potatoes 
after (ab), 574 
[soropE RADIOGRAPHS for localization of renal calculi 
during surgery; new truly portable radio- 
graphic unit using radioisotope (thulium 
170) as energy source (ab), 1100 
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Isotopes, beta-emitting, x-radiography with (ab), 
382 
radioactive, role of, in carcinoma of maxillary 
antrum, 415 


JaunDIcE, intravenous cholangiography in presence 
of (ab), 184 
Jaws, familial fibrous swelling of (ab), 936 
JeyuNnuM, leiomyoma of, with hemorrhage (ab), 753 
Jornt, accessory iliosacral, and its roentgen appear- 
ance (ab), 941 
hip, studies of, by means of lateral acetabular 
roentgenograms (ab), 1103 


Kaposi’s sarcoma, bone changes in (ab), 372 
KIDNEY, sponge, contribution to study of (ab), 187 
sponge, and nephrocalcinosis (ab), 367 
tumors, right, phlebography of inferior vena 
cava in exploration of (ab), 368 
KNEE joint and tibia of six-week-old mice, etfect of 
x-rays on uptake of phosphorus 32 by (ab), 


946 


Lapor, radiological study of placental stage of (ab), 
562 
LeGG-PERTHES disease (ab), 370, 1106 
Leromyoma of jejunum with hemorrhage (ab), 753 
Lesions attending fracture of the femoral neck; ar- 
terial supply to the head of the femur; an 
arteriographic study in vivo of (ab), 1103 
cortical metaphyseal lacunary, of long bones in 
child and adolescent; their relations with 
nonosteogenic fibroma of bone; based on 32 
observations (ab), 566 
ulcerating, of stomach, roentgenologic study of, 
612 
Leukemia, acute myeloid, following prolonged 
iodine-131 therapy for metastatic thyroid 
carcinoma (ab), 380 
chronic myelogenous; unusual bone changes in 
adult (ab), 567 
LIGAMENTS, anterior longitudinal, infectious spondy- 
litis as result of injury to; contribution to 
spondylitis subsequent to paravertebral 
anesthesia (ab), 755 
Lip cancer, cobalt 60 therapy of; with block dissec- 
tion of lymph nodes, 815 
Liver, hemangioma of, diagnosed by splenoportog- 
raphy, 332 
metastases, statistical appraisal of use of radio- 
active iodinated human serum albumin for 
detection of (ab), 379 
method for visualization of configuration and 
structure of, 455 
Lose, upper, tuberculosis, segmental localization of; 
rarity of anterior involvement, 1042 
Los Ancetes RaproLocicat Sociery to sponsor 
Ninth Annual Mid-Winter Radiological 
Conference, 360 
Lung, aplasia of (ab), 937 
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calcification in solitary nodules of, 1023 
carcinoma of, 826 
cyst, bronchial carcinoma arising in, 1048 
excised, visibility of pulmonary structure with 
special reference to, 1071 
expansion patterns following upper lobe seg- 
mental resection (ab), 752 
left, traumatic torsion of (ab), 752 
lesions, tuberculous, testing of photofluorogram 
interpreters by use of phantoms which pro- 
duce false infiltrates similar to, 1077 
NODE chain, internal mammary, radical 
mastectomy with em é/oc in continuity re- 
section of, 431 
Lympu nopes, block dissection of; cobalt 60 therapy 
of lip cancer, 815 
enlarged, and lymphatic vessels, new method for 
visualization of; lymphadenography (ab), 


LymMpH 


LyYMPHADENOGRAPHY; new method for visualization of 
enlarged lymph nodes lymphatic 
vessels (ab), 375@ 
LyMPHANGIOMA of colon; roentgen aspects (ab), 
1098 
Lympuaric dissemination of radiogold in presence of 
lymph node metastases (ab), 190 
tissues with antitoxin-producing ability, corre- 
lation of early radiation changes in (ab), 
194 
LyMpHOMA, malignant, of gastrointestinal tract; 
roentgenographic considerations (ab), 10g7 
primary malignant, of stomach, role of irradia 
tion in treatment of (ab), 943 


MALiGNanr effusions, treatment of, by intracavitary 
injection of radioactive colloidal gold, 486 

Mammary tumor progression, roentgen screening of, 
131 

MANDIBULAR BLOCK by osteochondroma of coronoid 
processes (ab), 751 

MAXILLARY ANTRUM, role of radioactive isotopes in 
carcinoma of, 415 

MecKEL’s diverticulum, 644 

MepDIASTINAL carinal bronchogenic cysts (ab), 560 

MEDIASTINUM, venous communications between 
cardiac veins and large venous trunks in 
superior part of (ab), 1097 

MEGADUODENUM in adult, 634 

MEGAVOLT ELECTRON THERAPY, physical aspects of 
(ab), 573 

MELANOMA, roentgen study of bone metastases from 
(ab), 372 

MesorHeEtioma, localized, of pleura (ab), 1097 

45 MEV. MEDICAL LINEAR ELECTRON ACCELERATOR, 
experimental evaluation of physical char- 
acteristics of (ab), 377 

pulmonary alveolar, familial oc- 
currence of, 947 

pulmonary, clinical review of (ab), 559 

MILK DRINKER’S SYNDROME, roentgen manifestations 

of (ab), 376 
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MITRAL STENOSIS and insufficiency, angiocardiogra- 

phy in preoperative diagnosis of (ab), 568 
relationship of roentgenographic findings to 

hemodynamics in (ab), 1097 

MorGaani’s syndrome and its relationship to inter- 
sexuality (ab), 369 

Morork VEHICLE ACCIDENTS, roentgenologic aspects 
of, 115 

MouvurH and testis, carcinoma of; superior value of 
supervoltage irradiation in special situa- 
tions; symposium on supervoltage versus 
conventional radiation (ab), $70 

Mucoce Le of appendix, 647 

Mucosal PATTERN of mesenteric small intestine 
anatomic study, 651 

MULTIPLE DIAPHYSIAL SCLEROSIS; report of case of 
possible typhoid etiology, 8g 

MyocarDIAL INFARCTION and cardiac aneurysm; 

new sign in diagnosis of (ab), 182 


Narionat CoMMirrEeE ON PROTECTION 
\ND MEASUREMFg!, preliminary statement 
of; maximum permissible radiation expo- 
sures tO man, gIO 

Neck and head cancers, advanced primary, planned 
combination of surgery and radiation in 
treatment of, 397 

dissection, radical, roentgen changes following 
(ab), 937 

NepHRECTOMY, irradiation-induced malignant hy 
pertension cured by (ab), 1108 

NEPHROCALCINOSIS and sponge kidney (ab), 367 

NEUROLOGY of cervical spine, some aspects of (ab), 
1101 

Neurrons, fast, and gamma rays, biological ettects 
of, §24 

x-rays, and gamma rays, relative biological ef- 
fectiveness of, for production of lens opaci- 
ties (ab), 945 

Ninth Annuat Mip-Winrer Con- 
FERENCE, 

NITROGEN MUSTARD and radioactive colloidal gold in 
treatment of serous effusions of neoplastic 
origin, comparative evaluation of (ab), 1g0 

NUCLEAR MEDICINE, special examination for certifi- 
cation in, 173 

NUCLEAR weapons tests, radioactivity thyroid 
glands following (ab), 383 


Oak RipGe INstrrure oF Nuc tear Srupies_ pre- 
sents thyroid-uptake seminars, 171 

Orsirs, contribution to roentgen manifestations of 
space-occupying processes of (ab), 750 

Ossirication of pubic bones at birth (ab), 566 

of skull in cleidocranial dysostosis (ab), 936 

OsrEOCHONDROMA of coronoid processes, mandibular 
block by (ab), 751 

OstTEOGENIC SARCOMA in rabbits, influence of splen- 
ectomy on induction of (ab), 384 

OstTEOMYELOGRAPHY and transosseous venography, 
dangers and technique of (ab), 757 
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(ab), 941 

OsreopHytosis, vertebral; clinical syndrome (ab), 
1102 

Orro PELVIS; report of two cases associated with 
labor (ab), 186 

Ovaries, protection of, from radiation (ab), 189 


PANCREAS, roentgenologic findings in stomach and 
duodenum in cancer of (ab), 185 
PANCREATITIS, acute; preliminary investigation of 
new radiodiagnostic sign (ab), 185 
PANTOPAQUE pulmonary embolism (ab), 938 
PaRAPHYSEAL or colloid cysts of third ventricle (ab), 
559 
PARAVERTEBRAL ANESTHESIA, Contribution to spon- 
dylitis subsequent to; infectious spondylitis 
as result of injury to anterior longitudinal 
ligaments (ab), 755 
PARIETOGRAPHY, intraserosal and extraserosal, ap- 
plied to study of epigastric tumors (ab), 562 
ParENT DUCTUS ARTERIOSUS, value of fast angio- 
cardiography in early diagnosis of, 235 
PELVIMETRY, Clinical, in teaching centers (ab), 186 
Petvis, abdomen, and thigh, arteries of, 296 
female, anatomy of, in relation to cancer of 
cervix, 796 
“Otto” (ab), 186 
Percurangous splenoportal venography utilizing 
rapid serial roentgenography, 312 
splenoportography, diagnostic importance of 
(ab), 569 
PERIARTHRITIS CALCAREA, Observations on, 93 
PERMISSIBLE DOSE problems with special reference to 
diagnostic procedures, 138 
Pe TrEOSTHOR-THERAPY of children, serious radiation 
damages following (ab), 383 
GeorGe E., 1874-1957, obituary, 920 
portrait, 920 
PHANTOM MATERIAL for measurement of dose dis- 
tribution of fast electrons, plexiglass as 
(ab), 194 
PHLEBOGRAPHIC study of superior vena cava, 289 
PHLEBOGRAPHY of inferior vena cava in exploration 
of right kidney tumors (ab), 368 
vertebral trans-skeletal (ab), 374 
PHOSPHORUS 32, effect of x-rays on uptake of, by 
knee joint and tibia of six-week-old mice 
(ab), 946 
PHOTOFLUOROGRAM interpreters, testing of, by use of 
phantoms which produce false infiltrates 
similar to tuberculous lung lesions, 1077 
PHOTOGRAPHIC FILMS, dosimetry of multiple radia- 
tion fields by superposition of, 869 
PHOTOTIMED erect compression spot films in chole- 
cystography, 
PHOTOTIMING, present status of, 1 
PLasmocystoma of bone, the so-called solitary (ab), 
1104 
PLeuRA, localized mesothelioma of (ab), 1097 
PLEXIGLASS as phantom material for measurement of 
dose distribution of fast electrons (ab), 194 
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PNEUMATOSIS cystoides intestinalis, 678 

PNEUMOGRAPHY, retroperitoneal, air embolism fol- 

lowing; nationwide survey (ab), 1099 

PNEUMOTHORAX, minimal, roentgenographic detec- 

tion of, in lateral decubitus position; costo- 

phrenic sinus sign, 1066 

PNEUMO-THYROID; new procedure for determining 

mass of thyroid gland for radioiodine treat- 

ment of hyperthyroidism (ab), 379 

Po.yrs of colon: how to find them; barium enema, 

double contrast, fluoroscopic image amplifi- 

cation, or what?, 700 

circulation, splenoportal venography for 

evaluating abnormalities of (ab), 757 

hypertension due to extrahepatic obstruction 
(ab), 942 

hypertension, splenoportography as valuable 
adjunct in study of (ab), 374 

PorroGcrapuy, splenic, roentgenologic findings in, 

324 

PosTERIOR FOSSA and adjoining cervical subarach- 

noid space, contribution to methods of 

filling, with small quantities of air (ab), 181 

PoraTroEs, preservation of, after irradiation with 

roentgen rays (ab), $74 

PRESSURE INJECTOR, new manually-controlled, for 

angiocardiography, retrograde aortography 

and selective angiocardiography, 343 

Prostatic cancer, urethrocystography in differential 

diagnosis of (ab), 564 

PROTECTION, radiation, in angiography (FE), 358 

PROTEIN-BOUND-IODINE and cholesterol levels in nor- 
mal and abnormal thyroid states, correla- 
tion between the uptake of I"! (ab), 1105 

plasma values, blood non-protein nitrogen, and 
cardiac functional status, correlation of io- 
dine 131 clearance rate factors with, 847 

PsEUDOHYPOPARATHYROIDISM (ab), 1101 

PuBic BONES, ossification of, at birth (ab), 566 

Putmonary alveolar microlithiasis, familial occur- 
rence of, 947 

artery, left, with respiratory 
anomalous course of (ab), 561 

brucellosis, chronic localized (ab), 560 

changes, unusual, secondary to chest trauma, 

collapse, total unilateral; study of roentgen ap- 
pearance in lateral view (ab), 181 

embolism, pantopaque (ab), 938 

function, clinical radiology and studies of (E), 
1085 

microlithiasis, clinical review of (ab), 559 

oil embolism; complication of hysterosalping- 
ography, 1055 

structure, visibility of, with special reference to 
excised lung, 1071 
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obstruction, 


Ra™4 (Th X), retention and translocation of, in dogs, 
503 
Rapiation and hormone therapy, combined, man- 
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agement of advanced breast carcinoma with 
special reference to, 438 
cataracts and relationship to dose, clinical study 
of, 759 
changes, early, in lymphatic tissues with anti- 
toxin-producing ability, correlation of (ab), 
194 
conventional, versus supervoltage; symposium 
(ab), 570; (ab), 571; (ab), 572 
damage, radioiron tracer studies for evaluation 
of, 836 
damages, serious, following peteosthor-therapy 
of children (ab), 383 
distribution and dose specification in volume 
implants of radioactive seeds, 863 
doses, whole-body, estimation of, in accidental 
fission bursts, 144 
dosimetry in biological research (ab), 193 
exposures, maximum permissible, to man; pre- 
liminary statement of National Committee 
on Radiation Protection and Measure- 
ment, 
fields, dosimetry of, by superposition of photo- 
graphic films, 869 
genetics, newer results in (ab), 943 
mortality, statistical nature of mortality with 
especial reference to (ab), 383 
planned combination of surgery and, in treat- 
ment of advanced primary head and neck 
cancers, 397 
protection in angiography (EF), 358 
protection of ovaries from (ab), 189 
protection, philosophy underlying (EF), 914 
therapy, basic aspects of (ab), 570 
therapy; general theory, $31 
therapy in treatment of retinoblastoma, 786 
with Sr®, influence on skin erythema of pro- 
traction and fractionation of (ab), 1108 
Raproacrive Au 198 in inoperable prostatic cancer; 
Report of necropsy study, distribution and 
concentration of (ab), 1107 
colloidal gold and nitrogen mustard in treatment 
of serous effusions of neoplastic origin, com- 
parative evaluation of (ab), 1go 
colloidal gold, treatment of malignant effusions 
by intracavitary injection of, 486 
diodrast renogram; clinical study of new renal 
function test (ab), 563 
gallium (Ga), studies of localization of, in bone 
lesions (ab), 191 
gold colloids, influence of age, dosage and sur- 
vival on effects of multiple intravenous in- 
jections of, in dogs, 476 
gold, management of ascites with (ab), 1107 
iodinated human serum albumin, statistical ap- 
praisal of use of, for detection of liver me- 
tastases (ab), 379 
iodine in heart disease, results of treatment with 
(ab), 1106 
iron studies in routine hematological practice 
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isotopes, clinical considerations on treatment of 
digestive tract carcinoma with (ab), 573 
isotopes, course on clinical use of, 172 
isotopes, role of, in carcinoma of maxillary 
antrum, 415 
materials, study of methods for interstitial im- 
plantation of; filaments containing Y%, 852 
seeds, radiation distribution and dose specifica- 
tion in volume implants of, 863 
scdium, clearance of, from cervix in women with 
normal menstrual cycles, primary dys- 
menorrhea, and nonorganic pelvic pain, and 
in postmenopausal individuals (ab), 573 
strontium Sr*’ in treatment of cancer, use of 
(ab), 189 
tracers in radiobiological studies; Thirty-sixth 
Silvanus Thompson Memorial Lecture 
(ab), 946 
urografin, investigation concerning distribution 
of, in human organism (ab), 367 
Rapioacrivity in man and his environment; Presi- 
dential Address (ab), 382 
in thyroid glands following nuclear weapons 
tests (ab), 383 
RaApDIOCARDIOGRAPHY, experimental clinical 
studies in, 493 
RapioGo.p, lymphatic dissemination of, in presence 
of lymph node metastases (ab), 1g0 
RaploGRAPHS, isotope, for localization of renal 
calculi during surgery; new truly portable 
radiographic unit using radioisotope (thuli- 
um 170) as energy source (ab), 1100 
RaproGrarHy with thulium 170 and xenon 133 (ab), 
1g2 
Raproropine, further clinical studies of thyroid and 
salivary gland function with (ab), 381 
tests of thyroid function, clinical appraisal of 
(ab), 380 
treatment of hyperthyroidism, new procedure 
for determining mass of thyroid gland for; 
pneumo-thyroid (ab), 379 
RapiorrON tracer studies for evaluation of radiation 
damage, 836 
Rapioisorope teaching program, present, for medi- 
cal students in United States, 861 
RapioLocic disproportion, correlation of cephalo- 
pelvimetry to obstetrical outcome special 
reference to (ab), 1ogg 
physics course leading to degree of Master of 
Science, 748 
studies of intrathoracic goiters by means of 
transverse axial stratigraphy (ab), 182 
RapioLocicaL physics, fellowship in, 748 
study of placental stage of labor (ab), 562 
RapioLoGist, gastrointestinal (E), 745 
Rapio.ocy, clinical, and studies of pulmonary func- 
tion (F), 1085 
of small bowel inflammations; functional and 
organic signs of inflammatory affections 
(ab), 183 
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RapDIOsENSITIVE bone tumors—radiological aspects 
(ab), 370 
Rapiosutrur, uptake of, in fractured humerus in 
rat (ab), Ig! 
RaADIOTHERAPEUTIC practice, simplified method of 
estimating integral dose in (ab), 379 
Rapioyrrrium (Y) for palliative treatment of ef- 
fusions due to malignancy (ab), 191 
RapiumM capsules and their associated hazards, 511 
Recrum, perforation of, 66 
REGIONAL ENTERITIS, duodenal involvement in, 639 
RELATIVE BIOLOGICAL EFFECTIVENESS of fast- 
neutron and x-radiation; survival and cata- 
ract studies of Swiss mice (ab), 945 
of internal emitters (ab), 944 
of neutrons, x-rays, and gamma rays, for pro- 
duction of lens opacities (ab), 945 
of thermal neutrons and heavy particles from 
B'’ (n, aw) Li’ reaction for acute effects in 
mouse (ab), 944 
RENAL calculi, isotope radiographs for localization of, 
during surgery; new truly portable radio- 
graphic unit using radioisotope (thulium 
170) as energy source (ab), 1100 
function test, new, clinical study of; radioactive 
diodrast renogram (ab), 563 
papillitis, necrotizing, roentgen aspects of (ab), 
367 
vessels, arteriovenous fistula of (ab), 564 
RENOGRAM, radioactive diodrast; clinical study of 
new renal function test (ab), 563 
ReEspIRATORY and gastrointestinal tracts, aeration of, 
during first minute of neonatal life (ab), 569 
obstruction, anomalous course of left pulmonary 
artery with (ab), 561 
RETINOBLASTOMA, radiation therapy in treatment of, 
786 
RETROPERITONEAL pneumography, air embolism fol- 
lowing; nationwide survey (ab), 1099 
tumors, newer roentgenographic techniques in 
diagnosis of (ab), 565 
Reynoips, Dr. Lawrence, awarded Gold Medal, 
173 
Rocky Mountain Society, 748 
ROENTGEN appearance, accessory iliosacral joint and 
its, (ab), 941 
appearance of total unilateral pulmonary col- 
lapse, study of, in lateral view (ab) 181 
aspects of lymphangioma of colon (ab), 1098 
aspects of necrotizing renal papillitis (ab), 367 
changes following radical neck dissection (ab), 
937 
demonstration of gas in fetal circulatory system, 
valuable sign of fetal death (ab), 569 
demonstration of placental calcification (ab), 
187 


features of fibrous dysplasia of skull and facial 
bones; critical analysis of thirty-nine patho- 
logically proved cases, 71 

findings and their interpretation; diverticulosis 
and diverticulitis, 726 


h 


irradiation as supportive therapy in manage- 
ment of Sudeck’s atrophy (ab), 572 

manifestations of milk drinker’s syndrome (ab), 
376 

manifestations of space-occupying processes of 
orbits, contribution to (ab), 750 

manifestations of unperforated aortic 
aneurysms, 263 

-radiation and fast-neutron radiation, relative 
biological effectiveness of; survival and 
cataract studies of Swiss mice (ab), 945 

ray, cardiac physiology revealed by; applica- 
tions of electrokymography, biplane angio- 
cardiography and cinefluorography, 195 

-ray energies, low, transition effect at, 881 

-ray quality, effect of, on bone growth and corti- 
cal bone damage, 893 

-ray report, negative, in cancer of colon (ab), 183 

-rays and electrons, conventional and_high- 
energy effects of, in fractionated dosage on 
rats (ab), 946 

-rays, effect of, on uptake of phosphorus 32 by 
knee joint and tibia of six-week-old mice; 
relation of depression of uptake to x-ray 
dose (ab), 946 

-rays, influence of, on development of mammary 
adenocarcinomas of mice inoculated with 
tumors containing inclusion bodies (ab), 384 

rays, 180 kv., and 6 mev. electron beam, action 
of, on testicular tissue of rat (ab), 572 

-rays, neutrons, and gamma rays, relative bio- 
logical effectiveness of, for production of 
lens opacities (ab), 945 

rays, preservation of potatoes after irradiation 
with (ab), $74 

rays, use of, to establish identity of interchanged 
infants (ab), 569 

screening of mammary tumor progression, 131 

study of bone metastases from melanoma (ab) 
372 

therapy, contact, dosimetry in (ab), 193 

therapy, report of case of hemangiopericytoma 
with special reference to, 347 

ROENTGENOGRAMS, lateral acetabular, studies of hip 
joint by means of (ab), 1103 
ROENTGENOGRAPHIC considerations malignant 

lymphoma of gastrointestinal tract (ab), 
1097 

detection of minimal pneumothorax in lateral 
decubitus position; costophrenic sinus sign, 
1066 

examination of infants in incubator; new device 
insuring environmental constancy (ab), 758 

findings, relationship of, to hemodynamics in 
mitral stenosis (ab), 1097 

significance and incidence of calcification in 
choroid plexus of lateral ventricle (ab), 936 

technique, new, of entire spinal column (‘‘3- 
phase-technique’’) (ab), 755 

techniques, newer, in diagnosis of retroperitoneal 
tumors (ab), 565 
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visualization of coronary arteries, 274 
ROENTGENOGRAPHY, Calculation of the angle of an- 
teversion by means of horizontal (ab), 1103 
rapid intravenous, ninety per cent hypaque for 
(ab), 368 
rapid serial, percutaneous splenoportal venogra- 
phy utilizing, 312 
studies on effective principle of automatic ex- 
posure meters for (ab), 942 
ROENTGENOLOGIC aspects of Fisenmenger complex, 
248 
aspects of motor vehicle accidents, 115 
determination of fetal length in utero (ab), g4o 
diagnosis of esophageal varices, 599 
ditferential diagnosis of progressive, intradental 
resorption in permanent teeth (ab), 751 
examination, gallstones impacted in stomach 
and duodenal bulb demonstrated by, 40 
findings in splenic portography, 324 
findings in stomach and duodenum in cancer of 
pancreas (ab), 185 
manifestations of emotional 
stomach (FE), 162 
study of ulcerating lesions of stomach, 612 
ROENTGENOLOGICAL appearance of normal adrenal 
glands (ab), 565 
procedure, routine, high kilovoltage method of 
investigation of colon as, 6go 
RONTGEN’s X-RAY TUBE at Smithsonian 
tion, 172 
RokITANSKY-ASCHOFF sinuses of gallbladder, rela- 
tionship of stenosis to, 47 


disturbances in 


Institu- 


SALIVARY GLAND and thyroid function, further clini- 
cal studies of, with radioiodine (ab), 381 

SALIVARY GLANDS, major, secretory sialography in 
diseases of, §75 

Sarcoma of bone, primary reticulum cell (ab), 1104 

Kaposi's, bone changes in (ab), 372 
osteogenic, in rabbits, influence of splenectomy 

on induction of (ab), 384 

ScLerosis, multiple diaphysial, 

Scurvy following folic acid antagonist therapy (ab), 
568 

SEGMENTAL RESECTION, upper lobe, lung expansion 
patterns following (ab), 752 

SEQUESTRUM, button, of eosinophilic granuloma of 
skull (ab), 936 

SEROUS EFFUSIONS of neoplastic origin, comparative 
evaluation of radioactive colloidal gold and 
nitrogen mustard in treatment of (ab), 1go 

Suunts, left to right, angiocardiographic mixing de 
fects as indicators of (ab), 374 

SIALOGRAPHY, secretory, in diseases of major sa- 
livary glands, $75 

Siticosis, intra-abdominal egg-shell calcifications 
due to (ab), 754 

SINUS OF VALSALVA, aneurysm of, associated with 
coarctation (ab), $61 

SKELETAL abnormalities, congenital biliary atresia 
with emphasis on (ab), 941 
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SKULL and facial bones, roentgen features of fibrous 
dysplasia of, 71 
asymmetry and growth of; Barclay prize essay, 
1956 (ab), 935 
button sequestrum of eosinophilic granuloma of 
(ab), 936 
ossification of, in cleidocranial dysostosis (ab), 
936 
SMALL BOWEL inflammations, radiology of (ab), 183 
Sociery oF Nucrear Mepicine, Fourth Annual 
Meeting of, 929 
SOUTHERN RADIOLOGICAL Society, 748 
SpINAL COLUMN, entire, new roentgenographic tech- 
nique of (‘3-phase-technique”’) (ab), 755 
SpINE, cervical, some aspects of neurology of (ab), 
1101 
SpLENECTOMY, influence of, on induction of osteo- 
genic sarcoma in rabbits (ab), 384 
SpLENIC PORTOGRAPHY, roentgenologic findings in, 
324 
SpLENOPORTAL VENOGRAPHY for evaluating abnor- 
malities of portal circulation (ab), 757 
percutaneous, utilizing rapid serial roentgenog- 
raphy, 312 
SpLENOPORTOGRAPHY, 
nosed by, 332 
percutaneous, diagnostic importance of (ab), 
S69 


hemangioma of liver diag- 


valuable adjunct in study of portal hypertension 
(ab), 374 
SponpyLiris, infectious, as result of injury to an- 
terior longitudinal ligaments; contribution 
to spondylitis subsequent to paravertebral 
anesthesia (ab), 755 
FILMS, phototimed erect compression, in 
cholecystography, 
Sr”, influence on skin erythema of protraction and 
fractionation of radiation with (ab), 1108 
Srenosis, relationship of, to Rokitansky-Aschoft 
sinuses of gallbladder, 47 


Spot 


SromacH, acute volvulus of, emphasizing manage- 
ment hazards, 627 
and duodenal bulb, gallstones impacted in, 
demonstrated by roentgenologic examina- 
tion, 40 
hemangioma of, with roentgenologic diagnostic 
point, 38 
roentgenologic manifestations of emotional dis- 
turbances in (FE), 162 
roentgenologic study of ulcerating lesions of, 612 
role of irradiation in treatment of primary ma- 
lignant lymphoma of (ab), 943 
STRATIGRAPHY, transverse axial, radiologic studies of 
intrathoracic goiters by means of (ab), 182 


SUBARACHNOID SPACE, contribution to methods of 


filling posterior fossa and, with small quan- 
tities of air (ab), 181 
SupEck’s atrophy, roentgen irradiation as supportive 
therapy in management of (ab), 572 
SUPERVOLTAGE VERSUS CONVENTIONAL RADIATION; 
SYMPOSIUM; comparison of conventional 
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and supervoltage radiation in carcinoma of 
bladder (ab), 572 

superior value of supervoltage irradiation in 
special situations; carcinoma of mouth and 
carcinoma of testis (ab), 570 

treatment of inoperable carcinoma of breast 
with conventional 250-kv. irradiation as 
compared with 2-mv. irradiation (ab), §71 

two cases treated with 800 kv. and 400 kv., re- 
spectively (ab), 570 

SynpromME, milk drinker’s, roentgen manifestations 

of (ab), 376 

Morgagni’s, and its relationship to intersexual- 
ity (ab), 369 


TANTALUM 182, use of, in treatment of early bladder 
carcinoma (ab), 944 
TEACHING PROGRAM, present radioisotope, for medi- 
cal students in United States, 861 
TEETH, permanent, roentgenologic differential diag- 
nosis of progressive, intradental resorption 
in (ab), 751 
TELEGAMMA apparatus, new (ab), 189 
Tenpons, hypercholesteremic xanthomata of, 109 
TELEROENTGENOGRAMS, chest, esophageal-pleural 
stripe on (ab), 937 
TESTICULAR tissue of rat, action of 180 kv. roentgen 
rays and 6 mev. electron beam on (ab), §72 
tumors, malignant, treatment of, at Radium- 
hemmet in Stockholm (ab), 377 
Testis and mouth, carcinoma of; superior value of 
supervoltage irradiation in special situa- 
tions; symposium on supervoltage versus 
conventional radiation (ab), §70 
THERAPY, appraisal of statistical reports on results 
of, 886 
conventional high voltage, comparison of, in- 
cluding vaginal cone therapy with super- 
voltage therapy; dose distribution and re- 
sults in carcinoma of cervix, 803 
THERMAL NEUTRONS and heavy particles from B!® 
(n, a) L1’ reaction for acute effects in mouse, 
relative biological effectiveness of (ab), 944 
TuiGcu, abdomen, and pelvis, arteries of, 296 
TuHoracic aorta, descending, dextroposition of (ab), 
561 
THOROTRAST ANGIOGRAPHY, granuloma of neck fol- 
lowing (ab), 375 
‘THREE-PHASE-TECHNIQUE; new roentgenographic 
technique of entire spinal column (ab), 755 
Turomposis, left atrial, angiocardiographic diag- 
nosis of (ab), 374 
THULIUM 170 and xenon 133, radiography with (ab), 
new truly portable radiographic unit using, as 
energy source; isotope radiographs for 


localization of renal calculi during surgery 
(ab), 1100 
Tuyrorp and salivary gland function, further clini- 
cal studies of, with radioiodine (ab), 381 
carcinoma, metastatic; acute myeloid leukemia 
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following prolonged iodine-131 therapy for 
(ab), 380 
function, clinical appraisal of radioiodine tests 
of (ab), 380 
function in Legg-Perthes disease (ab), 1106 
function studies in children: Normal values for 
thyroidal I! uptake and PBI" levels up to 
the age of 18 (ab), 1106 
glands, radioactivity in, following nuclear weap- 
ons tests (ab), 383 
I'8! content between 8 and 48 hours as an index 
of thyroid activity, the change in (ab), 1105 
states. The correlation between the uptake of 
protein-bound iodine and cholesterol 
levels in normal and abnormal (ab), 1105 
Tisia and knee joint of six-week-old mice, eftect of 
x-rays on uptake of phosphorus 32 by (ab), 
946 
TIMER, electronic position, for fluoroscope (ab), 376 
TIN OXIDE; new hepatolienographic agent, 64 
TOTAL BODY IRRADIATION, single, mortality of rhesus 
monkeys after, 899 
TRACER STUDIES, radioiron, for evaluation of radia- 
tion damage, 836 
TRANSITION EFFECT at low roentgen-ray energies, 
881 
TRANSOSSEOUS VENOGRAPHY and osteomyelography, 
dangers and technique of (ab), 757 
Traumatic Torsion of left lung (ab), 752 
TREATMENT CONES, influence of, on dose rate, 873 
TuBercuLoMAS and hamartomas of lung, 1013 
TusBercutosis and histoplasmosis, calcified intra- 
thoracic lesions caused by, 1034 
upper lobe, segmental localization of; rarity of 
anterior involvement, 1042 
Tusercutous lung lesions, test of photofluorogram 
interpreters by use of phantoms which pro- 
duce false infiltrates similar to, 1077 
Tumor, primary bone, metastatic adenocarcinoma 
simulating, 452 
progression, mammary, roentgen screening of, 
131 
Tumors containing inclusion bodies, influence of 
roentgen rays on development of mammary 
adenocarcinomas of mice inoculated with 
(ab), 384 
epigastric, intraserosal and extraserosal pa- 
rietography applied to study of (ab), 562 
retroperitoneal, newer roentgenographic tech- 
niques in diagnosis of (ab), 565 
testicular malignant, treatment of, at Radium- 
hemmet in Stockholm (ab), 377 
ULcer, gastric, in older age group, 25 
Utcers, multiple chronic gastric; report of case 
with four simultaneous ulcers, 623 
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Unirep States Aromic EnerGy Commission, spe- 
cial fellowships available through, 172 
UrETHROCYSTOGRAPHY in differential diagnosis of 
prostatic cancer (ab), 564 
UroGRraFin, radioactive, investigation concerning 
distribution of, in human organism (ab), 
367 


Uro.ocy, surgical spread of cancer in (ab), 1100 


VENA CAVA, inferior, phlebography of, in exploration 
of right kidney tumors (ab), 368 
superior, phlebographic study of, 28g 

VENOGRAPHY, percutaneous splenoportal, utilizing 
rapid serial roentgenography, 312 


splenoportal, for evaluating abnormalities of 


portal circulation (ab), 757 
transosseous, and osteomyelography, dangers 
and technique of (ab), 757 
VENTRICLE, lateral, incidence and roentgenographic 
significance of calcification in choroid 
plexus of (ab), 936 
third, paraphyseal or colloid cysts of (ab), 559 
VENTRICULOGRAPHY, Cardiac; direct transthoracic 
needle puncture opacification of left (or 
right) ventricle, 207 
VERTEBRAL osteophytosis; clinical syndrome (ab), 
1102 
trans-skeletal phlebography (ab), 374 


VISUALIZATION of configuration and _ structure of 


liver, method for; preliminary clinical in- 
vestigations, 455 
VoLvuLus, acute, of stomach emphasizing manage- 
ment hazards, 627 
of entire small bowel in immediate postoperative 
period (ab), 754 


WATER INTOXICATION; report of fatality following 
barium enema, 69 
West, THEODORE, I885—1957, obituary, 1088 
portrait, 1088 
WHOLE-BODY RADIATION doses, estimation of, in 
accidental fission bursts, 144 


X-RADIOGRAPHY with beta-emitting isotopes (ab), 
382 

XanTHOMATA of tendons, hypercholesteremic, 10g 

XENON 133 and thulium 170, radiography with (ab), 
1g2 


Y°, filaments containing; study of methods for inter- 
stitial implantation of radioactive ma- 
terials, 852 
(radioyttrium) for palliative treatment of eftu 
sions due to malignancy (ab), 191 
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to utilize fully the natural 
advantages of radioiso- 

tope sources in applica- 

tion to moving beam 

techniques. 


The THERATRON provides unequalled facilities for 
rapid, simple and accurate patient positioning, beam locali- 
zation and treatment with maximum comfort and opera- 


PY 


FOR 


Oscillation through 42° 


tional safety. The flexibility provided by variable speed, a 
dual plane source motion is enhanced by the fully adjust- 
able motor-driven treatment couch. In addition, the design 
permits a variance of source to aperture distances provid- 
ing optimum conditions of collimation and penumbra 
control in both fixed and moving beam treatments. 


ight angles to plane 


of rotation combined 


with complete or 
limited arc rotation 


affords a wide choice 


of moving source 
treatment patterns. 


as preselected limits 


In addition to continuous rotation in 
either direction, beam motion over 

any desired arc may be selected, auto- 
matic reversal of motion being effected 
of arc are reached. 


For full technical and installation details on the THERATRON, 


and information on other teletherapy units, Cobalt 60 sources and 


consulting services provided by A.E.C.L., please write to D 


ept. E. 


ATOMIC ENERGY OF CANADA LIMITED 


P.O. Box 93 - Ottawa, Canada 


ROTATIONAL, 
MULTIPORTAL 
or FIXED BEAM 
THERAPY 


42° 


COMMERCIAL 
PRODUCTS 
DIVISION 


57-4M 
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GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Lawrence Reynolds, Editor, 119 Professional Building, Detroit 1, 
Michigan. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to THE AMERICAN 
JournaL or RoOENTGENOLOGY, RapiuMm THERAPY AND Nucvear MEpIcine. 

A certain number of ilustrations will be supplied free of cost; but special arrangements must be made 
with the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according 
to a scale of prices that accompanies galley proofs. 

Correspondence regarding subscriptions, advertisements, and other business relating to THE AMERICAN 
JournaL Or RoeNTGENOLOGY, RAapIuM THERAPY AND Nuctear MepIctve should be addressed to Charles 
C Thomas, Publisher, 3 301-327 East Lawrence Avenue, Springfield, Illinois. 

Issued monthly. Annual Subscription: United States, U. S. Possessions, Pan-American Union and 
Spain, $15.00; Canada, $16.00; other foreign countries, $17.00. Current single numbers, $1.50. Distributed 
in the British Commonwealth of Nations by Blackwell Scientific Publications, Ltd., 24-25 Broad Street, 
Oxford, England. Yearly price £6.50. UNESCO COUPONS provide conveniences for payment of sub- 
scriptions. 


Manuscripts should be typewritten, with double spacing, and good margins (not on thin paper) and 
the original should be sent to the Editor. The author should keep a carbon copy, as the original is not re- 
turned. The name of the author should appear on each sheet of manuscript. Tabular materials should be 
typed on separate sheets: likewise bibliographical lists, footnotes, etc. 

Drawings and charts for reproduction should be made in black (never in blue). Photographic prints of 
plates or slides on glossy paper produce the best half-tones. 

All photographs and drawings intended for illustrations should be numbered, the top plainly indicated, 
and an abbreviated title of the paper placed on the back of each one. 

Legends for illustrations should be typewritten in a single list, double spaced, with numbers correspond- 
ing to those on the photographs and drawings, instead of attaching each legend to its corresponding figure. 

Care in preparation of bibliographies will save much time and correspondence. Each reference in a 
bibliography should include the following information in the order indicated: Name of the author with 
initials; title of the article; name of the periodical; year, volume and pages. It is requested that the authors 
use ~ following as model: 

. Olcott, C. T., and Dooley, S. W. Agenesis of the lung of an infant. Am. J. Dis. Child., 1943, 65, 

The month should be given if the reference is to an issue of the current year. An alphabetical arrangement 
of authors is preferred. 

The author should always place his full address somewhere on his manuscript. This is very important 
and is often omitted. 


For information regarding membership in the American Roentgen Ray Society address the Chairman 
of the Executive Council, Dr. E. B. D. Neuhauser, 300 Longwood Ave., Boston, Massachusetts. 

For information regarding the program of the annual meeting of the American Roentgen Ray Society, 
address the President-Elect, Dr. Wendell G. Scott, 35 North Central Ave., Clayton 5, Missouri. 

For information regarding membership in the American Radium Society, address the Secretary, Dr. 
Theodore R. Miller, 139 East 36th Street, New York, New York. 

For information regarding the program of the annual meeting of the American Radium Society, address 
the President, Dr. Norman A. McCormick, 1687 Wyandotte St. East, Windsor, Ontario, Canada. 


THE AMERICAN Journat or RoENTGENOLOGY , Rapium THerapy anp Nuctear Mepicine is owned, 
maintained by, and in the interests of, the uneven Roentgen Ray Society, Inc. It is issued monthly by 
Charles C Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois. THE AMERIcAN JOURNAL 
OF ROENTGENOLOGY, RapiuM AND NucLear MepicineE does not hold itself responsible for any 
statements made or opinions expressed by any contributors in any article published in its columns. 


Entered as second-class matter February 10, 1930, at the postoffice at Springfield, Illinois, and Menasha, 
Wisconsin, under the Act of March 3, 1879. Accepted for mailing at the special rate of postage provided for in 
the Act of February 28, 1925, embodied in Paragraph 4, section 538, P.L. and R. authorized February 10, 
1930. Delivery is not guaranteed. Replacements are not guaranteed nor promised, but will be attempted if ex- 
tra single copies are available and only if requested within 30 days from first of month following publication 
(17th of month) for domestic subscribers and 60 days for foreign subscribers. A 30 day notice of a change of 
address is requested. When ordering a change of address, send the Publisher both the old and new address. 

Copyright 1957 by American Roentgen Ray Society, Inc. All rights reserved. This issue may not be 
reproduced, in whole or in part, in any form (except by reviewers for the public press) without written 
permission from the publisher. Copyrighted in the British Commonwealth by Blackwell Scientific Publica- 
tions, Oxford. No part may be duplicated or reproduced without permission of publishers. 
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A NEW MEDIUM 


® Prior to this development, 

~ urethrography as a 
diagnostic aid was limited 
by the media available. 


The safety, opacity and 


2 FOR URETHROGRAPHY thixotropic properties of 


THIXOKON make it ideally 
suited for this technique. 


/ 


THIXOKON BRAND 


). THICKENED SODIUM ACETRIZOATE SOLUTION 50% 


THICKENED soni 
OATE 10 
URE THRO GRAY 


In a series by Kaufman) he reports: 


Federal 
without 


. no serious untoward reactions have 


resulted from its use." 


"In addition, the medium has been found to 
impart excellent radiopacity.. .” 


“It is relatively non-irritating to urethral mucosa, 
miscible with urine and harmless when 
introduced into the circuiation.” 


1. Kaufman, J. J.: Experiences with THIXOKON An Aqueous, 
Thixotropic Urethrographic Medium, J. Urol. {Accepted for 
publication). 


Thixokon is By <Metinchrods ST. LOUIS - NEW YORK MONTREAL 


makers of Miokon® and Urokon® 
used successfully in millions of cases for 


these various techniques... 

INTRAVENOUS UROGRAPHY, ANGIOCARDIOGRAPHY, 
| RETROGRADE PYELOGRAPHY, CHOLANGIOGRAPHY, 
| TRANSLUMBAR ARTERIOGRAPHY, 


NEPHROGRAPHY AND CEREBRAL ANGIOGRAPHY. 


sit 
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NOW - better diagnostic x-ray 


Never before such 
versatility in moderately 
priced apparatus 


complete 300-ma diagnostic unit offers 
radiologists a host of advanced features pre- 
viously found only in deluxe apparatus. With the 
General Electric Aristocrat, there’s no need to 
compromise for the less-than-satisfactory facilities 
usually associated with a ‘‘budget’’ installation, 
This greater value is made possible by new pro- 


FLEXIBILITY — with all fac 


ilities arrange 


duction facilities, where cost-conscious design plan- 
ning is fully realized through modern manufac- 
turing techniques and rigid quality control. 

Remember, too, when you work with General 
Electric, you achieve security as well as economy 
— one responsible source for planning, financing, 
installation and service. All are available to you 
through your local General Electric X-Ray ofhice. 

Ask your representative to show you how the 
Aristocrat can step up your patient-handling capac- 
ity. Or you can write X-Ray Department, General 
Electric Company, Milwaukee 1, Wisconsin, for 
a copy of Pub, A-61. 


COMPLETE FLUOROSCOP]( maximum efficiency, minimum effort, 
5 
/ 
\ 
© 
| 
| 
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qa new G-E diagnostic unit 
in step with your progress 


3 


as well as simple examinations. 


COMPLETE RADIOGRAPHIC VERSATILITY — Aristocrat easily handles complex 


ay facilities for less investment 


plan- 


Check these Aristocrat features: 

) ® Full 81-inch motor-driven angu- @ Overhead tube hanger provides 
neral lating table, from 15 degrees over 18 feet of longitudinal cov- 
nomy Trendelenburg to vertical. erage, up to 86 inches trans- 

® Lightweight, automatic spot- 
Icing, film unit with precision photo- ® Two heavy-duty, double-focus, 
> you timing. rotating-anode tubes. 
Hee ® Powerful 300-ma, 125-kvp, full- @ Interchangeable-grid Recipro- 
- wave transformer and control. matic Bucky. 
vy the | 


apac- Aristocrat's compact, 
precise contfol stand 
‘neral and powerful transformer, 


om Progress /s Our Most Important Product 


GENERAL ELECTRIC 
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now 


a rapidly eliminated bronchographic medium... 


less irritating—rarely penetrates the alveoli 


VISCLIODYDOL | 


Produces clearer, brighter bronchograms—uniform outlining of the 
bronchial tree. 

Usually requires less anesthesia. 

Rapidly and completely eliminated—but retained long enough for 
adequate bronchographic studies. 

Thoroughly documented by reports on thousands of bronchograms. 


SUPPLIED in 15 cc. vials. Stir well before use. 


VISCIODOL® is the registered trademark of the well-tolerated LIPIODOL® (iodized 
oil) sulfanilamide suspension, manufactured under agreement with Andre Guerbet 
Laboratories, Paris, France. 


35857 


©. FOUGERA & COMPANY, INC NEw YorK 13,N, 
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THE RADIATION THERAPY CENTER 


of 
THE HOSPITAL OF ST. RAPHAEL 


NEW HAVEN, CONNECTICUT 


The first completely self-contained Radiation Center in 
Southern New England-opened February 27, 1957 


The X-Ray and cobalt therapy apparatus for this modern 
therapy center was furnished by Keleket X-Ray Corporation. 


KELEKET X-RAY CORPORATION 


1601 TRAPELO ROAD, WALTHAM, MASSACHUSETTS 
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Fracerlab EQUIPMENT 


AT THE NEW 
RADIATION 
THERAPY CENTER, 
HOSPITAL OF 
ST. RAPHAEL, 
NEW HAVEN, 


CONNECTICUT 


Basic instrumentation for accurate detection and measurement 
of isotopes used in this Center has been furnished by Tracerlab, 
the pioneer firm to perfect and offer this type of equipment. 
Shown above is a Tracer-Scanner. Below is Tracerlab’s new 
SC-57 Low Background Well Scintillation Counter which has 
been installed to take advantage of the latest diagnostic tech- 
nique using isotopes. 


For complete information on this and other equipment, write: 


1601 Trapelo Road, Waltham, Mass. 
2030 Wright Avenue, Richmond, Calif. 


Offices in principal cities throughout the world 
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. definitely . 


when you use the NEW 


rapid liquid X-ray 


DEVELOPER 


in convenient NEW PLASTIC 
UNBREAKABLE 
RE-USABLE 


Small Size 
makes I gallon of 
working solution 


Stunde 


UQUID CONCENTRATE CONCENTRATE 


10 MAKE FIVE GALLONS 10 MAKE FIVE GALLONS 
OF WORKING SOLUTION OF WORKING SOLUTION 


STANDARD @) X-RAY CO 


I Gallon Size makes 5 gallons 
of working solution 


CONTRAST 


Standard’s X-ray Developer, already widely preferred 
for its many outstanding characteristics, now comes to 
you in two convenient sizes of unbreakable, re-usable, 
acid-resistant “squeeze” bottles. Easily handled and 
stored, they eliminate the hazards of heavy glass 
bottles. 


IMPROVED FORMULA for 
EVEN SHARPER CONTRAST 


The black-and-white contrast produced by “Standex” 
Developer is a revelation in sharpness of detail. Con- 
tains no metol to cause skin discomfort and irritation. 
Costs no more than ordinary solutions, yet gives you 
improved film development, superior lasting qualities, 
and develops more film per gallon of solution. In De- 
veloper and Fixer, too—Standex “stands out”! 


Contact your local STANDARD 
distributor or write to 


AMG of 


X-RAY COMPANY 


1932 N. BURLING STREET, CHICAGO 14, ILLINOIS 
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INSIGHT 


... when it is most needed 


Insight, at the crucial moment of decision, is often vital to a correct 
diagnosis. Not only is sound judgement called for, but also the 
finest instruments at a doctor’s command . . . sharp radiographs, 
for example. That is why radiologists the world over rely on Ilford 
X-ray films for their reproducibility; for high speed to reduce risk 
of involuntary movement, and for gradation to produce the widest 
) possible range of opacities. Ilford X-ray materials, crafted 
| to the highest technical standards, are now available in the U.S.A. 
| Contact your regular supplier, or write to the address below. 


| 


Ilford Red Seal X-ray Film + IIfex (non-screen film) + Ilford Intensifying Screens 


| ILFORD | Red Seal & Ifex | X-ray Films — 


Made in England by ILFORD LIMITED, your source in U.S.A. is ILFORD INC., 37 West 65th Street, New York 23, New York. 
Your source in Canada is W. E. Booth Co. Limited, 12 Mercer Street, Toronto 2B, distributors for Ilford Limited. 
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For greater 
diagnostic accuracy 


in 


e EXCRETORY UROGRAPHY 

RETROGRADE PYELOGRAPHY 

VASOGRAPHY 

OPERATIVE CHOLANGIOGRAPHY 


- Radiopacity... HIGH 
Toxicity............ LOW 


Supplied: 50% sterile aqueous solution in ampuls of 
30 cc., boxes of 1, 10 and 25; also vials of 20 cc., 


boxes of 1, 10 and 25. 
ithnep LABORATORIES 
NEW YORK 18, N. Y. 


Hypaque (brand of diatrizoic acid), trademark reg. U.S. Pat. Off. 
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@ woman pregnant seven months; 25 minute film. 


ig 


Gallbladder with long tortuous cystic duct. 
Note left and right hepatic and common ducts. 
Telepaque dose: 6 tablets. 


3 
4 
cut 


For superior 
ORAL visualization 
of 


GALLBLADDER ann DUCTS 


USE 


Dose: 2 to 3 Gm. (4 to 6 tablets) at night after a light supper — 
patient’s gallbladder concentrates Telepaque during the night 
(on his own time) — ready for X-ray study in the morning. 


Supplied: Tablets of 500 mg., envelopes of 6 tablets, 
boxes of 5 and 25 envelopes; also bottles of 500 tablets. 


(| LABORATORIES 
Telepaque (brand of iopanoic acid), NEW YORK 18, N. Y. 


trademark reg. U.S. Pat. Off. 
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STATIONARY X-RAY GRIDS 


— 


FOR GREATLY IMPROVED 
DIAGNOSTIC QUALITY 
IN RADIOGRAPHY 

AND FLUOROSCOPY! 


For cleaner, clearer, sharper radiographs, choose Liebel- 
Flarsheim Stationary X-ray Grids—developed after 
years of research and specialized experience in the 
production of fine grids. 


Your choice of Fine-line Grids (60 lines per inch, in 
parallel and 2 focal ranges) and Microline Grids (80 
lines per inch, 8:1 ratio, 3 focal ranges; 12:1 ratio, 2 
focal ranges.) All L-F Grids are aluminum-covered, 
with 7/16 in. radiused corners, edges crimped, rolled 
and hermetically sealed. Finished in hammerloid enamel 
toughened by wear-and-scratch-resistant lacquer, these 
grids are stiff, strong, durable, impervious to moisture. 
ASK YOUR DEALER FOR PRICES AND DE. 
SCRIPTIVE LITERATURE ON THE FULL LINE 
OF L-F STATIONARY X-RAY GRIDS. 


Conault. your Xray dealer 


THE LIEBEL-FLARSHEIM CO. 
CINCINNATI 15, OHIO 
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+. ANSCO LIQUADOL X-RAY FILM DEVELOPER. 
“ Convenient liquid developer in concentrated 
Added insurance Lnsco} form gives highly uniform results. Easily 
Leary aad diluted with 3 parts water, Liquadol brings 
of clear, 
finel il 
inely detailed 
e 
radiographs... 


In radiology —when each minute 


out maximum definition, contrast and 


density in radiographs. 


ANSCO LIQUADOL REPLENISHER. 

Designed especially for use with Liquadol 
Developer. When added in amounts 
sufficient to sustain proper solution level, 
Liquadol Replenisher increases working life 
of original solution—developing time 
remains unchanged. A real economy in 
greater production of uniformly processed 


radiographs. 


and each detail counts—-every 
y ANSCO LIQUAFIX FIXING SOLUTION. 


Reduces clearing time of X-ray films, giving 


: greater and faster production. Liquafix ts 
ISCO a single solution fixer-hardener that has 


phase is equally important for 
clear readable results. And, for | 
consistently uniform results 

every time, you can depend on LIQUAFIX only to be diluted with water to provide 
Ansco’s convenieat, ficient, positive fixing action. Actually processes 


more films than powder-type formulas. 
inexpensive chemical prepara- 


tions strongly recommended 
for all x-ray hlm processing. 


ANSCO POWDERED X-RAY FIXER. 


\n easy-to-prepare new single mix powder 


A complete line of Ansco X-ray products 
is carried by your local X-ray 
equipment dealer. For further informa- formula. Ansco Powdered X-Ray Fixer 


tion, or if you would like our Ansco has unusually high capacity, fast fixing 


X-RAY FIXER 


representative to call on you, write to characteristics and good hardening proper- 


ties. Will not stain clothing. 


Ansco X-ray Sales Department, 


Charles Street, Binghamton, N. Y. 


AVAILABILITY 


To Make To Make To Make To Make 
LIQUADOL DEVELOPER 1 gallon 5 gallons 20 gallons 200 gallons* 
LIQUADOL REPLENISHER 1 gallon 5 gallons 20 gallons 200 gallons* 
LIQUAFIX FIXER 1 gallon 5 gallons 400 gallons 
POWDERED X-RAY FIXER 1 gallon 5 gallons 20 gallons 50 gallons 


*Supplied in 50 gallon size collapsible rubber drum. 


Ans CO BINGHAMTON, NEW YORK © A Division of General Aniline & Film Corporation 
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new bowel 
preparatory- 
evacuant 


X-PREP, introduced at the 105th A.M.A. meeting, provides the new, modem 
evacuant to assure a clear colonic field for radiographic visualization.* X-PREP af- 
fords regulated but thorough action, without violent mucosal irritation, excessive 
gas formation, or faulty saponification leading to erroneous diagnosis of polyps. 


In a clinical study of 100 patients, “X-PREP was far superior [to castor oil] from 
the standpoint of patient acceptance and its use resulted in significantly fewer 
side effects.”* Patients find cocoa-flavored X-PREP pleasant rather than distasteful 
and uncomfortable. 


*Birnkrant, M.: Scientific exhibit, A.M.A. meeting, Chicago (June) 1956. 


Dosage and Administration: Mix contents of container (% 0z.) with % glass of milk, stir 
vigorously to a smooth mixture. Fill glass with milk and mix well before drinking 
X-PREP should be taken at 7 p.m. the evening prior to x-ray of abdomen, or as directed 
by physician. Supply: Cocoa-flavored powder in % oz. containers. 


oe G R A PHARMACEUTICAL CO., INC., NEWTON 58, MASS. 
A PRODUCTS OF RESEARCH FOR MEDICINE 
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EXCLUSIVE 
DISTRIBUTORS G EVA E RT 


X-RAY FILM 


Seay “GAVE-ART™ 


Ow— 


ail X-RAY FILM 
CORPORATION 


161 SIXTH AVE. 
NEW YORK 13, N.Y. 


OTHER OFFICES: 9109 SOVEREIGN ROW. DALLAS 19, TEXAS . 


Mee you tee 


bes 


Because yours could be the diagnosis to guide the 
surgeon's scalpel, nothing but a precise radiograph 
will do. World-renowned GEVAERT radiographic 
film has proved its dependability through consistently 
fine performance. Its uniformity of quality, brilliant 
contrast, high speed and wide exposure latitude all 
add up to a most accurate analysis. Say “GAVE-ART” 


to be sure. Write for test samples. 


725 N. HIGHLAND AVE., LOS ANGELES 38, CALIF. . 


NATIONWIDE WAREHOUSING 
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Physicians in charge of hospital, clinic and 
private radioisotope laboratories are realizing 
the need and great usefulness of an automatic 
scintillation scanning system for ‘‘picturing”’ 
radioisotope distribution in body areas. 
Nuclear-Chicago’s 1700 Isotope Scanner is a 
logical choice for such installations because: 
(1) it is designed to operate with any scintilla- 
tion detector or scaler, (2) it can be supplied 
with a combination gamma-ray spectrometer- 


Complete scanning system shown above includes 1700 
Isotope Scanner, new 1700-P Photo-Recording Attach- 
ment, DS5-1 Scintillation Detector with versatile colli- 
mator inserts, and 161A Basic Binary Scaler. 


scaler instrument for background and scatter 
elimination, (3) it is the only scanning system 
available with the new photo-recording 
attachment as an optional accessory, (4) it 
occupies a maximum floor space of only 34” 
x 44” and can be easily moved through a 3 ft. 
door, (5) it is extremely simple and sturdy 
in construction to guarantee years of reliable, 
trouble-free operation, and (6) it is most 
moderately priced. 


| 
precision automatic scanningbt 
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Thyroldectomy in 1928. Thyrotoxic 
symptoms in 1956. Scan shows recur- 
rence in pyramidal region. for backg 


Actual scans shown above illustrate typical 
diagnostic problems which lend themselves 
to the Isotope Scanner system. The three scans 
at the left were made using a Nuclear-Chicago 
gamma-ray Spectrometer-Scaler unit. This 
combination is considered the only valid 
and safe way to “‘erase’’ background and 
eliminate scatter, because it cannot erase 
even the weakest isotope concentration. 


Same patient as at left. Left lateral 


surgery. Gamma-ray Spectrometer 


view. Gamma-ray Spectrometer used 
d reducti used with Scaler. 


20 years after 
Spectrometer not used. 


For years Nuclear-Chicago has been the 
leader in development of quality radioactivity 
instrumentation for the medical profession. 
A complete line of radioactivity measuring 
instruments, personnel protection devices, 
and radiation research equipment, including 
more than 30 new products especially designed 
for medical use, are illustrated and described 
in our new Catalog Q, available on request. 


new! photo-recording attachment 


1700-P Photo-Recorder attaches directly 
to any old or new 1700 Isotope Scanner. 
A glow tube in the camera box is mechani- 
cally coupled to the scintillation detector 
and produces on standard 14” x 17” x-ray 
film separate flashes of light which vary 
in frequency with count rate. Model 1700-P 
may be operated simultaneously with the 
Isotope Scanner’s printer and provides 
contrast enhancement, variability and con- 
trol of contrast, background suppression, 
and accurate anatomical localization. The 
developed film may be superimposed on 
roentgenograms to give a clear presenta- 
tion of isotope distribution. 


Reference: David E. Kuhl, R. H. Chamberlain, John Hale and R. O. Gorson: A High-Contrast 
Photographic Recorder for Scintillation Counter Scanning. Radiology, pgs. 730-739, May, 1956. 
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Scan showing residual thyroid area 
following surgery and node dissection, 


nuclear - chicago 


257 WEST ERIE STREET * CHICAGO 10, ILLINOIS 
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XXIV 


This is a posterior oblique radiograph of the chest of a 59- 
year-old man with chronic empyema. It was made with the 
patient in the erect position following the injection of 20 cc 
of Mulsopaque Contrast Medium through the drainage tube. 


“MULSOPAQUE?” is the registered trademark under which all leading x-ray dealers 
supply an emulsion of ethyl iodophenylundecylate prepared by Lafayette Pharmacal 
Company to provide good adhesion to mucosa, low viscosity, low surface tension, 
miscibility with tissue fluids, and good radiopacity. The compound is synthesized by 
the Research Laboratories of Eastman Kodak Company. The trademark serves to in- 
dicate to the radiologist continuity of experience in the manufacture of this radio- 
graphic contrast medium. 
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made: 


are distinguished by & 


The WOLF line of Superflex X-Ray protective All WOLF X-Ray gloves 
gloves —— manufactured for the past 25 years—— these 4 features: 

have become a standard of quality the world over, 
Recent additional improvements, developed in @ PROTECTION @ FLEXIBILITY 
cooperation with leading roentgenologists, now © COMFORT @ DURABILITY 


make this line of gloves the most outstanding ever 
offered. 


Gloves will be custom made for those requiring 
special lengths and protection, 


Mitten 


Regular 


Long Flared 


“WOLF x-RAY PRODUCTS, INC. 


93 UNDERHILL AVENUE, BROOKLYN 38, N.Y. 
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SEND FOR FREE ILLUSTRATED 
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A PLASTIC, DISPOSABLE, 


Made of non- 
toxic polyethylene 
plastic and dispos- 
able. Prevents possible 


tient. 
Only enema tip function- terned head to assure 


ally patterned to assure retention and elim- 


retention and eliminate 
| leakage. inate cad 


Especially useful with middle 
| aged or elderly patients in whom 
muscle tone is sluggish. 
Used once and discarded, CLY-TIP 
saves attendant’s time formerly re- 
quired for sterilizing and cleaning. 
That's why it’s the growing favorite in 
hospital and office. 
In boxes of 100, individually packaged 
in transparent polyethylene, ready for 
immediate use. 


Gently sloping 
design of head 
permits easy 


insertion. 

Write for Free Sample and further details 
ACTUAL 
SIZE 


Posterior retention 
and easy ermits sphinctor 


muscle to grip onto shaft and practically 
eliminates extra effort of patient or — 
ator to keep tube in place during eden 


BELL-CRAIG, INC. 


270 Lafayette Street, New York 12 


XXV 


4 
ready for im- 
mediate 
enema | 
. 
solution | 
4 
| 
® 
i 
4 
| 
q 
! 
j 
| > 
| 
—= | 
| 
Ret | 
‘ 
{ 


XXVIi 


The Vertebral Column Considered as a System 


THE SPINE 


A Radiological Text and Atlas 


By BERNARD S. EPSTEIN, M.D. 


Chief, Department of Radiology, The Long Island Jewish Hospital, 
New Hyde Park, New York 


HE many specific diseases and other conditions which affect the vertebral 

column and its contents are discussed fully in this beautifully illustrated 

text and atlas. Dr. Epstein correlates the clinical and pathologic al aspects 
of these diseases with the associated radiologic changes. The vertebral column 
is considered as an individual system and is, through this fresh approach, 
reviewed in full relationship to osseous disease, diseases of the central nervous 
system, metabolic disturbances, effects of trauma, neoplastic diseases and nutri- 
tional disturbances. 


The text is the result of more than twenty years of observation of radiological 
and clinical variations of vertebral column disease. In addition to conven- 
tional technics applicable to spinal radiography, full consideration is given 
to myelography, body section radiography and _ stereoradiography. Classical 
changes, as well as variations and similarities with pathologic states, are detailed. 
One of the many features is the extensive use of large, original, unretouched 
roentgenograms, ‘which are woven into the text. All of them show precise and 
meticulous radiographic technic. 


Embryologic consideration, functional aspects and radiological examination of 
the normal spine are taken up first. This is followed by developmental anom- 
alies and other malformations of the spine. Congenital and metabolic disorders 
and endocrine disturbances are treated separately, followed by sound discussions 
of arthritis, tuberculosis, Paget’s disease, and other inflammatory, degenerative 
and noxious diseases. Other pertinent subjects which receive full consideration 
include neoplasms, traumatic changes, and diseases of the intervertebral discs. 
An extensive Bibliography includes almost 1300 references. 


This sound text and atlas is a highly useful work for radiologists, neurologists, 
neurological surgeons, orthopedists, pediatricians, internists, general practition- 
ers, and all who do their own spinal column roentgenology. 

539 Pages, 7” « 10”. 721 Illustrations on 331 Figures. $16.50. 


(Published June, 1955) 
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Horizontal view illustrates full 29” x 72” table top plus a 15” 
extension, the standard tilting controls, the hand crank control 
for positioning the roll film cassette, and the reciprocating bucky. 


PATENT PENDING 


End view illustrates the opening for simple load- 
ing or unloading of magazine containing 60 ft. of 
17” wide roll film, or for insertion of adjustable 
tray to accommodate single, standard size cassettes. 


N, WRITE pirect 


ON 
pistRIBUTOR- 


FOR 
on SEE YOUR LOCAL 


lectronics & X-Ray Division 


motor operated table elevates 


smoothly and quietly for verticol ‘BOROUGH PLACE, WOODSIDE 77,N Y. ASTORIA 
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Just out 


The Laboratory Diagnosis of 
Cancer of the Cervix 


Symposia on Research Advances Applied to Medical Practice 
No. 2 


Edited by 
F. HOMBURGER, M.D., and W. H. FISHMAN, PH.D. 


Research Professor of Medicine and Research Professor of Biochemistry and Nutrition, 


Tufts University School of Medicine, Boston, Mass. 


72 pages, 31 figures, 24 tables. 1956. U.S. $2.90 


Introduction 


By F. Homsurcer, M.D., and W. H. Fishman, Ph.D., Director and Associate Director of 
the Cancer Research and Cancer Control Unit, Tufts University School of Medicine, Boston, 
Mass. 


The Epidemiology of Cancer of the Cervix 


By E. Lomsarp, M.D., Director, Division for Cancer and Chronic Diseases, Department of 
Public Health, Commonwealth of Massachusetts 


A Gynecologist’s Evaluation of Methods of Early Cancer Diagnosis 
By Paut A. Younce, M.D., Associate Chief Surgeon, Free Hospital for Women, Brookline, 
Mass. 

Fundamental Studies of the Cell, Observations Underlying the Concept of Cancer Cell 
Detection by Automatic Scanning Microscopes 


By Rosert C. Mettors, M.D., Ph.D., Associate Member, Sloan Kettering Institute for 
Cancer Research, New York, N.Y. 


The Cytologic Prognosis of Cancer of the Cervix Treated by Radiation 
By Rutan M. Granam, Vincent Lab., Massachusetts General Hospital, Boston, Mass. 


Cytologic Prognosis in Cancer of the Cervix Treated by Surgery or Radiation 
By Joun B. Grauam, Vincent Lab., Massachusetts General Hospital, Boston, Mass. 


Beta-Glucuronidase in Cancer Diagnosis and Endocrinology 


By W. H. FisHMan, Ph.D., Associate Director of the Cancer Research and Cancer Control 
Unit, Tufts University School of Medicine, Boston, Mass. 


Clinical Aspects of Vaginal Fluid Beta-Glucuronidase Activity in the Diagnosis of 
Cervical Cancer 
By S. C. Kaspon, M.D., Associate Clinical Professor of Gynecology, Tufts University School 
of Medicine, Boston, Mass. 
Discussion of the Papers on Beta-Glucuronidase 


By W. H. Fisuman, Ph.D., and S. C. Kaspon, M.D. 


BASEL 11 (Switzerland) S. KARGER NEW YORK 


For U.S.A.: Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 
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A HIGH DENSITY LEAD GLASS 
WINDOW FOR PROTECTION 
FROM GAMMA AND X-RAYS 


... designed and built by Bar-Ray for use in barrier 
walls of lead, steel and heavy concrete. These windows 
and frames are fabricated to offer amazingly clear 
viewing while affording protection equivalent to a 
foot or more of concrete. The high density lead glass 
block is cast in one piece, with polished viewing sur- 
face. These blocks can be cast up to nine inches in thick- 
ness and are furnished complete with a heavy welded 
steel frame which is lead filled and splayed to permit 
widest possible vision. 

These windows are usually furnished with glass ap- 
proximately 10” x 10” in size, the thickness depending 
upon the protective values required. They can be built 
into poured concrete construction or set in conventional 
lead lined barriers. 


mobility at all times. 
Cat. +B833 


SOLD THROUGH YOUR DEALER 


A FORMICA COVERED LEAD FLOOR SCREEN 


. ».@ new conception in floor screens, designed and built by Bar-Ray for 
personnel protection against x-rays. It is faced with striped mahogany for- 
mica, lined with 1.5mm lead and unpierced by any screws or nails. 

A large 8” x 10” lead glass window affords excellent vision and provides 
the same protective value as in the screen body. The screen extends to within 
one-half inch of the floor and is a full 30 inches wide x 72 inches high. 

The mahogany formica facing is durable and blends beautifully with 
surrounding decor. The heavy-duty ball bearing swivel casters permit instant 


IN THE X-RAY FIELD! 


The lead glass is of 3.3 density and has the impor- 
tant quality of being “non-browning.” This insures 
that the material will not discolor or brown-up under 
severe radiation, as will 6.2 density lead glass, and 
other glasses which do not have this “non-browning” 
quality. 

A unit of this type does not need any maintenance 
or special care as may be required with water windows 
or other types of viewing apparatus... first cost is 
last cost! The vision offered is far superior to periscope 
or other indirect visual means as it permits direct, un- 
encumbered vision at all times. 


Priced at $117.00 


SEND FOR OUR LATEST CATALOG 


You are cordially invited to visit our plant and tour its facilities 


BAR-RAY PRODUCTS, 


209-25th Street, Brooklyn 32, N.Y. 


INC. 


Telephone: SOuth 8-1020 


European Representative: Mr. C. E. Ferrero, Via G Tomassetti 8, Rome, Italy 
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BAR RAY | 

: CAN FILL YOUR EVERY NEED | 

le. 5 i 

\' 


ways better at 
watching over you... 


Picker Gardray 
Radiation Badges 


| wide intensity range 5 no loading or unloading 


Records exposures low as 50 mr, high as 300,000 mr. Wear badge as received, return it intact. 
6 a To subscribe, call any 
2 wide energy range prompt reporting Picker X-Ray local office 
: Dependable, easy-to-read, too. (see your ‘phone book) 
x-rays, (soft and hard) neutrons, sin- 7 
compact, lightweight X-Ray Corporation, 
Ss i bove: less than 1 oz. 25 So. B i 
3 a safeguard ee size above: less than 1 oz dra een 
Separate control badge guards against fogging. 8 attractive, unobtrusive F 
4 Clips on firmly, won‘t catch clothing. 
double-sure identification 9 en 
(a) code printed on wrapper urable 
(b) x-rayed on film Secure snap-locks, won’t come undone, won't break. 


New PAKO X-Ray 
Film Carrying Case 


e Extremely light in weight 


e Built of sturdy plastic 
e Designed for easy loading and unloading 


e Attractive appearance 


Even when fully loaded this new Pako X-Ray Film 
Carrying Case is light and easy to carry. Weighs only 234 lbs. 
when empty. Heavy duty plastic construction and full length 

piano hinge assure long life. No more struggling with bulky carriers. 
A practical addition to all modern X-Ray Departments. 


For more information contact your nearest 
PAKO Distributor or PAKO CORPORATION. 


PAKO CORPORATION 
1010 Lyndale Ave. No., Minneapolis 11, Minnesota 


PAKO FOR PROGRESS 
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Geometric Progression 
for a Modern Timer 


-5 


-3 


-2 


10 


Time Step Seconds 


1/30 


1/20 


1/15 


1/12 


1/10 


1/8 


1/6 


RADIOGRAPHIC TIMER 


G 040 24 


wes: seconds decimal cycles 


GEOMETRIC TIMING 


the most advanced concept in RADIOGRAPHIC TECHNIQUE 


PRODUCES THE SAME PERCENT- 
AGE OF INCREASE OR DECREASE 
of time for each step at any point over 
the whole range of the timer. Each 
step is 20% less than the step above. 
Three steps down cuts the time in 
half; three steps up doubles the time. 


REQUIRES THE MINIMUM NUM- 
BER OF STEPS for the full range of 
timing yet actually gives more useful 
steps. Older methods of timing may 
go from 1/20 to 1/10 second in one 
step; geometric timing gives three 
steps for this range. 


PERMITS EQUAL AND WIDE VIS- 
UAL SPACING of all time steps. Old- 


er methods of timing may have suc- 


cessive steps in the fractional-second 
range so closely spaced that there is a 
great chance of error in setting the 
timer. 


ALLOWS ACCURATE TUBE PRO- 
TECTION INTERLOCKS over full 
operating range of x-ray tube. The 
single dial with its equally spaced 
steps allows independent, correct 
overload interlock for each step. 


FACILITATES QUICK CONVER.- 
SION OF TECHNIQUES. Exposure 
correction or conversion for a change 
in film, screen, distance, etc., is easily 
accomplished by adding or subtract- 
ing one or more pre-determined time 
steps over the full timing range. 


CONTINENTAL X-RAY CORPORATION is a leader in a great 


many technical and scientific developments such as geometric 


timing. Write for complete information and specifications on 


diagnostic equipment from 10 to 1000 milliamperes. 


Dealers in all principal cities 


e 


CONTINENTAL X-RAY CORPORATION 


1536 N. CLYBOURN AVE. 220 BROADWAY 
CHICAGO 10, ILLINOIS NEW YORK 38,NEW YORK 
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Announcing the be Title in the 


THE SURGICAL MANAGEMENT 
OF PULMONARY TUBERCULOSIS 


Edited by 
JOHN D. STEELE, M.D. 


Introduction by 
FREDERICK A. COLLER, M.D. 


Biographical Sketch of John Alexander 
By 


CAMERON HAIGHT, M.D. 


Written for both surgeons and internists by thoracic surgeons who 
were trained by the late John Alexander and by two of his close 
medical associates. 


COVERS ALL PHASES OF PROCEDURES CURRENTLY 
USED: 


Indications 
Techniques 
Results 


Standard and plombage 
thoracoplasty 


e Treatment of tuberculous 
empyema 


e Cavernostomy 


John C. Jones (Los Angeles) writes on pulmonary resection for 
tuberculosis in the pre-chemotherapy era, including his own ex- 
periences in the 1930's; Max Chamberlain (New York) on seg- 
mental resection; Herbert Sloan and Roger Milnes (Ann Arbor) 
on the indications, contraindications, and results of resection. 
Problems and methods of the reduction in the size of the pleural 
cavity with pulmonary resection are discussed in a chapter on 
combined collapse and resection. 


Some of the historical aspects of the surgery of pulmonary tuber- 
culosis have been drawn from John Alexander's books published 
in 1925 and 1937 and from the uncompleted manuscript for the 
third book on which he was working at the time of his death. 


A short chapter on the surgical management of tuberculosis in 
the mentally ill has been included since this is an important 
subject and little discussed. 


Since chemotherapy plays such an indispensable role in the medi- 
cal and surgical treatment of pulmonary tuberculosis, a com- 
prehensive chapter (which is actually a short monograph) on the 
subject has been included. 


This chapter by Winthrop N. Davey (Ann Arbor) and John B. 
Barnwell (Washington, D.C.) contains historical material as well 
as practical suggestions for modern treatment. The topics covered 
include details on antimicrobial agents (both the antibiotics and 
synthetics), the selection of patients, the selection of drugs,’a re- 
view of the results and limitations of drug therapy, and the use 
of chemotherapy in extrapulmonary tubexculosis.— 


Publication date: May 15, 1957 
175 illustrations 


248 pages (7” x 10”) 
Cloth, $9.50 


THE JOHN ALEXANDER 
MONOGRAPH SERIES on 
Various Phases of Tho- 
racic Surgery 


Editor 
JOHN D. STEELE, M.D. 


San Fernando, California 


Editorial Board 
Howard T. Barkley, M.D. 


Houston, Texas 


Cameron Haight, M.D. 


Ann Arbor, Michigan 


Hiram T. Langston, M.D. 
Chicago, Illinois 
Herbert C. Maier, M.D. 
New York City 


John W. Strieder, M.D. 


Brookline, Massachusetts 


DISTINGUISHED CONTRIB- 
UTORS TO THE FIRST 
VOLUME 


Howard Barkley 
John B. Barnwell 

J. Maxwell 
John S. Chambers 

Noble O. Correll, Jr. 
Winthrop N. Davey 


Chamberlain 


John C, Jones 
Hiram Langston 
Roger Milnes 
Paul V. O'Rourke 
Clyde E. Rush 
Herbert Sloan 
George N. J. Sommer, Jr. 
John D. Steele 
John W. Strieder 
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IN INTRAVENO | PH) RETROGRADE 
_PYELOGRAPHY, New 


and because of its unique stability, 
contrast medium. of choice because it is well tolerated s 


1 
q 
reve disease and permitting clear visualization of ana- 


Si is exere | mainly the kidneys. 
“masking of the gallbladder by radiopaque material 


of the normal wallbladder 
»masking of calculi 


Extrahepatic ducts frequently visualized 
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Radiographs and photographs like these 
are invaluable —to the attending 
physician —to teachers and students! 


: 1. CASE: 14-year-old girl with idiopathic scoliosis. Precorrection 2. Postcorrection radiograph with patient in plaster jacket fol- 
7 radiograph with patient seated. lowing spinal fusion (top and bottom of the fusion marked by 
4 metallic clips). ; 


Hex you see a trend. With the 
visual data reproduced on these 
pages, the physician can review 
his case, discuss it in detail with 
associates and students. 


In addition to its value in 


discussion and teaching. 


material such as this may he 


3. Right dorsal curve has been corrected in plaster turnbuckle jacket and back is 
seen exposed through window. Methylene blue tattoo marks identify area of 
vertebral column to be fused. Steps in surgery shown on page following. 
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used to illustrate medical papers and 
exhibits: it is invaluable as a basis for 
research—today, tomorrow. years later. 

The cost is low. compared with the 
value of a fully documented case record. 
For Radiography: Kodak Blue Brand 
X-ray Film and Kodak y-ray processing 
chemicals meet the most exacting require- 
ments. They are always dependable—uni- 
form. Quality-controlled—rigidly tested — 
they are made to work together. 


For Color Photography: Kodachrome 
Films for miniature and motion-picture 
cameras: Kodak Ektachrome Films and 
Kodak Ektacolor Films for sheet-film cam- 
eras: Kodak Ektachrome Films for roll-film 
and miniature cameras: Kodacolor Films 
for roll-film cameras and cameras accept- 
ing No. 828 film. Kodak color print mate- 
rials are also available. 


Order x-ray products from your x-ray 
dealer, photographic products 
from your photographic dealer. 


EASTMAN KODAK COMPANY 
Medical Division 
Rochester 4, N. Y. 


ADE MARK 


_ 4, Posterior elements of the vertebrae to be fused have been exposed 2 
subperiosteal dissection. 


5. Interdigitation of bony spicules across the interlaminal spaces has 
been completed. 


' 6. Raw bony area is reinforced by slivers of cancellous bone obtained 
from the bone bank. 


7. Incision closed. 
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CONSOLIDATED 
INDICES 


Volume IV 
embracing 


The American Journal of Roentgenology 
Radium Therapy 
and Nuclear Medicine 


Volumes 59-68 (1948-1952) 


e Compiled under the direction of the Pub- 
lication Committee and the Editorial Office 
of the American Roentgen Ray Society. 


e Covers 8,000 pages of original papers, 
editorials, biographical and _ historical 
sketches, and abstracts of both domestic and 
foreign journals published in The American 
Journal of Roentgenology, Radium Therapy 
and Nuclear Medicine for the years 1948 to 
1952. 


e Fills a very definite need and will be wel- 
comed by those who have occasion to consult 
the Journal during this five year period. In- 
creases the usefulness of your set of journals 
a hundredfold. 


Volume I (1903-1937) $12.50 
Volume II (1938-1942) 5.00 
Volume III (1943-1947) 12.50 
Volume IV (1948-1952) 13.50 


(Purchasers outside U.S.A. should send cash 
with order. Delivery, postpaid, guaranteed.) 


CHARLES C THOMAS PUBLISHER 


301-327 East Lawrence Avenue - Springfield, Illinois 


maintain 
precise 

constant 
temperature control 


OF DEVELOPING TANK SOLUTIONS 
AND RINSE WATER 


JORDAN CORPORATION 


DIVISION OF OPW CORPORATION 


Write for Free © 6013 Wiehe Road 


Bulletin J-100 for 
complete description 


Cincinnati 13, Ohio 
ELmhurst 1-1352 


Write to Jordan Corporation—Department J-RO 


NEW BOOK FOR 
ROENTGENOLOGISTS 


Lovis Bakay— 
THE BLOOD-BRAIN BARRIER 


This book will be of interest to a variety of re- 
search workers and clinicians, interested in brain 
metabolism. It will be of special help to NEURO- 
SURGEONS WHO UNDERTAKE THE 
DIAGNOSIS OF BRAIN TUMORS WITH 
ISOTOPES. The first three chapters summarize 
our present knowledge on the anatomical loca- 
tion and normal functions of the barrier. The 
next chapters deal with the concentration of 
various radioactive isotopes in the brain with 
special regard to P32. The last four chapters 
describe pathological changes in permeability 
based mostly on human material. 


168 pages 75 illustrations Cloth $5.50 


CHARLES C THOMAS - PUBLISHER 
Springfield Illinois 
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YOU HAVE ONLY ONE PAIR 


Insist upon leaded leather 
IT CANNOT CRACK 


Order from your dealer, or: 


LIBERTY PROTECTIVE LEATHERS, Inc. 
17-29 Burr Street 
Gloversville, New York 


THE CURV-X CASSETTE 


CAMPBELL X-RAY CORP.—Boston 15, Mass. 
Or Your Dealer 
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THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 


CALIFON, NEW JERSEY 
Established 1925 


LEAD GLASS WINDOWS 


Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH: SEATTLE 8, WASH. 


HANLEY ECONOMY FLOOR SPACE SAVERS 
NOW X-RAY CABINET WITH SLIDING DOORS 


x 
8 COMPARTMENT MEDICAL RECORD FILE 8'2 x Il .. 
F.0.B. FACTORY IN ILLINOIS 
HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X- Ray Division St. Louis 11, Mo. 


In reply to advertisers please mention that you 
saw their advertisement in THE AMERICAN 
JOURNAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE. 
CHARLES C THOMAS - PUBLISHER 
Springfield - Illinois 


An Authorized Binding 
for 
THE AMERICAN JOURNAL OF 
ROENTGENOLOGY 
RADIUM THERAPY AND 
NUCLEAR MEDICINE 


Arrangements have been made for subscribers to 
have their journals bound into distinctively de- 
signed books. 


Six issues, January through June or July through 
December, bound in best grade garnet washable 
buckram imprinted with your name on cover, cost 
but $4.15 per volume. 


Bound journals serve as an immediate reference 
for research and information. Properly displayed, 
they create a psychological impact on the patient, 
implying the time and effort spent to keep up-to- 
date on the most modern techniques and treatment. 


Ship journals parcel post. Within thirty days after 
receipt, bound volumes will be shipped prepaid 
anywhere in the U.S.A. Full remittance must ac- 
company order. 


PUBLISHERS’ AUTHORIZED 
BINDERY SERVICE 


(Binders of all Journals) 
5811 W. Division Street, Chicago 51, Illinois 
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USED X-RAY 


@ We purchase all makes and sizes from any 
nation, and pay the freight cost. 


and tally of the value. 


direct your film to our nearest plant. 


DONALD McELROY, 


53 W. Jackson Blvd., Chicago 4, Ill. 


19 y E A < S of integrity have helped us 
to become America's largest buyers of 


@ We remit in advance if desired, or promptly after receipt 


@ Write for prices today. We will send shipping labels, and 


ILM 


point in the 


Using the new 
SMIT-ROENTGEN ‘Jewel 110° 


110 lines per inch Stationary Grid 
with invisible line pattern 


means substantially improving the diagnostic qualities 
of your radiographs 
by elimination of the adverse effects of secondary radiation 
thus obtaining optimum sharpness and contrast 
by better clean-up through higher ratios 


by better detail perceptibility owing to the not showing of 
disturbing grid lines 


yet allowing for shorter exposures by higher primary beam 
transmission 


_ For, information call on your x-ray Supply firm 
ontact 


PHYSICIANS’ TECHNICAL EQUIPMENT co. 


uppliers to the American X-ray Industry g 
1519 W. Nérth Milwaukee 5, Wisconsin 


27 in. 30 in. 36 in. 
40 in. 48 in. 60/72 in. 
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“UNIVERSAL-JOINT” FLEXIBILITY — you position 


this unit without disturbing the patient. To complete the 
convenience, you “dial the technic” on the control console. 


a new G-E therapy unit 


in step with your progress 


Greater output 
with higher 


filtration 


And this new 300-kvp, 
20-ma unit gives you 
THREE FREEDOMS 


for easier treatment 


Yes, the General Electric Maxitron 300 not only 
produces a higher r output using heavier filtra- 
tion — it also gives you unmatched handling 
ease . , . and today’s greatest freedom of choice 
in treatment technics: 

Freedom from “filter fiddling” 

You can pre-select any of 10 half-value layers 
and dose rates with the Maxitron 300. The cor- 
rect filter rotates into place while kvp and ma 
settings are matched automatically. You literally 
“dial the technic.” 

Freedom in positioning 

Six distinct tubehead motions lock independent- 
ly and electrically. They permit universal focal 
spot movement around the patient . . . anywhere 
at any angle within a 72 x 38x 54-inch range. 
Freedom in scheduling 

No warm-up needed at any time. You can sched- 
ule therapy at your or the patients’ convenience 

. . save time, prolong tube life. All “tube-on” 
time is productive ! 

Get complete details on this superior new 
therapy unit from your G-E X-ray representative. 
Or write X-Ray Department, General Electric 
Company, Milwaukee 1, Wis:, for Pub. A-62. 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 
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OPTICAL 
SYSTEM 
REAR 


Here’s why radiologists never 
lose the image with Fluorex 


You get natural viewing with 6-element, wide-angle optics 


The efficiency of any image inten- 
sifier is measured by its optical 
system. 

The Fluorex image is projected 
through a precision crafted lens- 
mirror system. Viewing with both 


you CAN BE SURE...1F ITS 


eyes is achieved with these optics. 
Large exit pupil permits complete 
freedom of head motion. 

Full 180° rotation provides the 
realism normally enjoyed with a 
conventional screen. 


Westinghouse 


LEASE : 
PLAN $ 


D westincHouse 
— RAY DEPT. 


X-RAY DEPARTMENT 


Westinghouse 
Electric 
Corporation 


2519 Wilkens Avenue, 
Baltimore 3, Maryland 
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The Picker Portable rates 15MA 
at 85 KV. Sets up quickly; tube- 
- head and control and cassettes 
_ fit inte compact case for carry- 
ing. Transportable in one load 
one person. Cat. 1685A 


among these 


Peak of mobile x-ray performance 
is this 100 MA full-wave Picker 
machine. 100 MA at 100 KVP. With 
ifs rotating anode tube, it gives you 
the kind and range of power ordi- 
narily limited to heavy-duty sta- 
tionary installations. Caf. 6089 


various 


Here’s a lightweight unit that plugs 
_ into any power line. Rating 15 MA at 
85 KV. Eleven steps of kilovoltage give 
you adequate choice of penetration for 
body parts. Cat. 6078 


_ Picker 15 MA at 85 KV tubehead with . 
turntable tubestand that content 
adroit positioning. Twenty-two steps 
kilovoltage control. Control panel mounts | 
steel cabinet with space in. 
‘or carrying cassettes and accessories 

Cat. 6059A 


there’s a mobile for you 
| 


H in the power scale is this 60 MA 100 — 

P mobile with 100 steps of kilovoltage — 
control. Hardly any radiographic task you — 
can't do—and do well—with this popular — 
Picker machine. Cat. 6016C 


For bedrock x-ray utility you can’t beat a 
good mobile x-ray unit. For a good mobile unit 
you can’t beat a Picker machine. Stands to rea- 
son... Picker has built more mobiles than all 
the rest of the industry put together (classic 
among them the legendary U. S. Army X-Ray 
Field Unit). 


Picker makes mobiles to match every need, 
to meet every budget.* To find out how well, 
call in your local Picker X-Ray representative. 


*You can rent one through Picker Rental Service, if you like. 


25 South Broadway, White Plains, N. Y. 
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